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ABSTRACT 
The goods and services (ecosystem services) of the forest, 
peatland, agro- and freshwater ecosystems of Finland have so 
far not been under systematic and integrated examination. The 
purpose of the report is to provide a common conceptual and 
contextual background for the ongoing study aiming at the 
identification, classification, monitoring and valuation of 
ecosystem services of the boreal ecosystems of Finland. The 
major method is a conceptual and historical framework analysis 
based on literature and other material. The utilization of goods 
and services of nature before industrialization is featured 
indicating not only their vital importance but also the dynamics 
of land uses. The analysis of current land use statistics reveals 
alternatives in drawing line between forest and peatland 
ecosystems. The complexity of the ecological framework – 
structures and processes of ecosystems and ecological 
production functions of ecosystem services – is illustrated from 
different angles, including the roles of human inputs. The 
multitude of the definitions of ecosystem services is presented 
and discussed. The classifications of ecosystem services and the 
ecological and institutional interconnectedness of ecosystems 
are considered. Finally, arguments are given to some conceptual 
choices and other important points of view explicitly taken into 
account in the ongoing synthesis study. 
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TIIVISTELMÄ 
Suomen metsä-, suo, pelto- ja sisävesien ekosysteemien 
aineelliset tuotteet ja palvelut (ekosysteemipalvelut) eivät ole 
toistaiseksi olleet systemaattisen ja yhtenäisen tarkastelun 
kohteena. Raportin tarkoitus on tuottaa yhteistä käsitteellistä 
perustaa ja taustaa käynnissä olevalle tutkimukselle, jonka 
tarkoitus on tuottaa nykyiseen tietoon perustuva 
politiikkarelevantti synteesi maamme boreaalisten 
ekosysteemipalveluiden tunnistamisesta, luokittelusta, 
indikaattoreista ja arvottamisesta. Päämetodi on käsitteellisesti ja 
historiallisesti kehystävä analyysi kirjallisuuteen ja muuhun 
aineistoon perustuen. Luonnon aineellisten tuotteiden ja 
palvelusten varhaisen käytön kuvaus osoittaa sekä niiden 
ratkaisevaa merkitystä että muutosdynamiikkaa ennen maamme 
teollistumista. Ekosysteemien nykyisten pinta-alojen tarkastelussa 
suon ja metsän käsitteiden päällekkäisyys merkitsee, että niiden 
osuus maankäytössä vaihtelee sen mukaan, miten metsät ja suot 
määritellään. Ekosysteemipalveluja tuottavan ekologisen kehikon 
kompleksisuutta – ekosysteemien rakenteista, prosesseista ja 
ekologisista tuotantofunktioista koostuvaa – tarkastellaan useasta 
näkökulmasta inhimilliset panokset huomioiden. 
Ekosysteemipalvelujen käsitteen moninaisuutta ja palvelujen 
luokitteluja esitellään sekä ekosysteemien ekologisia ja 
institutionaalisia sidoksia havainnollistetaan. Lopuksi perustellaan 
käynnissä olevassa synteesitutkimuksessa tehtyjä valintoja ja 
omaksuttuja näkökohtia. 
 
Avainsanat: boreaaliset ekosysteemipalvelut, esiteollinen 
luonnonkäyttö, maankäyttö, ekosysteemipalvelujen tuotanto, 
kytkeytyneisyys, käsiteanalyysi
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Forward 
This report is a part of the synthesis study ”Integrated and 
policy relevant valuation of forest, agro-, peatland and aquatic 
ecosystem services in Finland” funded by The Maj and Tor 
Nessling Foundation. The study is carried out by the University 
of Eastern Finland and Pellervo Economic Research PTT 
together with a number of voluntary contributing authors from 
several research institutes, universities and expert organizations.  
The objective of the one-year study is to produce an up-to-
date synthesis of the goods and services of the four major 
ecosystems in Finland to serve improved decision making, 
governance and public communication.  
The purpose of the report is introduce and discuss concepts 
and conceptual frameworks which provide general grounds for 
the identification, classification, valuation and indicators of the 
ecosystem services. It reviews a part of the extensive research, 
discussion and development in this field and wishes to relate 
perspectives from Finnish boreal ecosystems to the ongoing 
discussion. Among a wide spectrum of topics considered, the 
report aims to illustrate the complexity of the ecological 
processes producing ecosystem services, which – usually with 
human inputs – generate goods, benefits and values people can 
enjoy.  
It is hoped that this report will further the growing interest 
and understanding of the boreal ecosystems goods and services 
in Finland and elsewhere. Two other working papers on the 
classifications of aquatic and forest ecosystem services will come 
out soon. Other working papers will follow in due course. 
Besides funding, The Maj and Tor Nessling Foundation 
initiated the synthesis study. The project management group 
organized by the foundation has been very supportive. The 
Finnish Environment Institute (Tiia Kiiski) and the Finnish 
Forest Research Institute (National Forest Inventory) have 
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kindly produced and allowed map material for this publication. 
Matti Vaara (UEF) participated in material collection. The 
School of Forest Sciences of the University of Eastern Finland 
(UEF) has supported technical editing of the report, done by 
Marjut Turtiainen (UEF). The contributions of the co-authors of 
to the report have been important. Some of them belong to a 
larger “research community”, members of which are voluntarily 
participating to the compilation of the ongoing working papers 
of the synthesis study.  
All this institutional and collegial support and cooperation is 
gratefully acknowledged. 
Any comments on the report are welcome. 
 
 
Olli Saastamoinen 
Study leader 
Professor  
The School of Forest Sciences, University of Eastern Finland 
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1. Introduction 
As everything included into a four-letter catchword life is 
facilitated by solar energy, it may not be inappropriate to repeat 
a worn-out saying “nothing new under the sun” also in regard 
to the ecosystem services. Different disciplines from philosophy 
and history to agricultural, biological, and forest sciences have 
not only recorded environmental, economic and social benefits 
and losses due to the use and misuse of natural world but also 
praised the importance of the “free gifts of nature” for the 
human civilization. 
Among the latter, Hanns Carl von Carlowitz (1713) in his 
“Sylvicultura oeconomica” gives a long list of forest benefits, 
from “the usefulness of wood at the start and end of life and 
mankind in general” to “protection of soil and roads, the 
usefulness of the forests as a seat of wild game, and sustenance 
for cattle, forests as beautiful environment for the song of birds”. 
This is only a part of his list but one cannot be mistaken that 
provisional, regulatory and cultural ecosystem goods and 
services are already there. 
Gómez-Baggethun et al. (2010) outlines the long history of 
“ecosystem services” in economic theory and practice from pre-
classical economics to marginal “revolution” decoupling 
economics conceptually from the physical world. In Finland, a 
short analysis of the position of nature in economic theory is 
found in Saastamoinen (1978, originally a thesis from 1971) and 
more comprehensive ones are included in Pulliainen & Seiskari 
(1972), Pulliainen (1979), Hoffren (1994), Määttä & Pulliainen 
(2003), Naskali et al. (2006) and Hiedanpää et al. (2010). 
The origins of modern history of ecosystem services are to be 
found (following here also Gómez-Baggethun et al. 2010) in the 
late 1970s. They see “it starts with the utilitarian framing of 
beneficial ecosystem functions as services in order to increase 
public interest in biodiversity conservation and then continues 
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in the 1990s with the mainstreaming ecosystem services in the 
literature” (e.g. Daily  1997), “and with increased interest on 
methods to estimate their economic value” (Costanza et al. 
1997). Even if there are other interpretations on the recent 
history, all of these agree upon that it was the Millenium 
Ecosystem Assessment (Millenium Ecosystem Assessment 2003, 
2005a; later MA 2003, 2005a) which assisted by 1300 scientists 
brought the concept of ecosystem services firmly on the 
international policy agenda. Since its release the literature on 
ecosystems services has grown exponentially (Fisher et al. 2009). 
In Finland, the first reviews, state-of-the-art reports and 
research articles on ecosystem services had a focus on forests 
ecosystems (Matero et al. 2003, Matero & Saastamoinen 2007, 
Hytönen 2009, Kniivilä et al. 2011), but also more general 
reports or collection of articles have emerged (Hiedanpää et al. 
2010, Ratamäki et al. 2011). However, the name is not a whole 
game. Although the three comprehensive synthesis reports of 
the Finnish biodiversity research programme of the Academy of 
Finland, “Depending on water” (Walls et al. 2004), “In the 
depths of forests”1 (Kuuluvainen et al. 2004) and “Life in the 
field” (Tiainen et al. 2004a) only occasionally use the concept of 
ecosystem services, their contents is very relevant also from that 
point of view. A recent compilation of articles dealing with 
people and environment is more explicit with the concept of 
ecosystem services (Niemelä et al. 2011). 
“In barely three decades a rapidly growing number of 
ecosystem functions have been characterised as services, valued 
in monetary terms and, to a lesser extent, incorporated to 
markets and payment mechanisms. As a part of this process, the 
use of the ecosystem services concept has transcended the 
academic arena to reach Governmental policy as well as the non 
profit, private and financial sectors” (EC 2008, Gómez-
Baggethun et al. 2010). There is some concern for “the potential 
side effects that may result from mainstreaming of utilitarian 
                                                     
1 Translations of the original Finnish titles. All these extensive compilations are 
the outcomes of the Finnish Biodiversity Research Programme (FIBRE) of the 
Academy of Finland. 
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market-based rationales for conservation, in terms of both 
possible changes in motivational aspects for conservation, as 
well as in terms of exportation of particular worldviews in the 
understanding of the human nature relation” (Gomez-
Baggethun et al. 2010). 
The history of the interactions between human and nature 
has been manyfold and those phases or cultures that could be 
regarded harmonious ones have been exceptional. The main 
trend of exploitation has been accelerated during past two or 
three centuries, when economic development has harnessed a 
growing part of the energy and material stocks and flows of the 
earth and its ecosystems into industrial socio-ecological 
production and consumption systems. These are socio-economic 
drivers, which alongside welfare have brought adverse, 
sometimes threatening, externalities (such as pollution) to the 
very ecosystems they are largely dependent on (Haila & Levins 
1992, MA 2005a, Mäler et al. 2009).  
It is within this larger socio-economic and political context, 
where a niche for ecosystem services – the Ecosystem Approach 
(EA) – was developed in the implementation processes of the 
Convention of Biological Diversity (CBD 2009). It soon became a 
common framework for scientifically assessing ecosystem 
change. Since Millenium Ecosystem Assessment (2003, 2005a) it 
has been able to provide not only scientific but also a genuine 
policy framework for further integrating natural and man-made 
(eco)systems in the ways sustainable development requires. This 
was done by bringing the emerging concept of ecosystem 
services as the vehicle to bind and analyze ecosystems and 
human well-being (MA 2005a).  
No doubt, the concept of ecosystem services (ES) has become 
the key milestone and the driver in the current attempts for 
better integration of socio-economic and ecological processes 
and development (e.g. Fisher et al. 2009, TEEB 2010, UK NEA 
2011, Haines-Young et al. 2012; in Finland Hiedanpää et al. 2010, 
Ratamäki et al. 2011, Kettunen et al. 2012) which in the recent 
years also has been put forward by strengthening “new 
socioeconomic” concepts such as “Bioeconomy“, “Green 
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economy”, “Green growth” and “Biocluster“ (e.g. Luoma et al. 
2011, Pellervon taloustutkimus 2012).  
Similarly with the international discussion, also in Finland 
the implications of ecosystem services for scientific and policy 
practice have been given attention. Hiedanpää et al. (2010) see 
ecosystem services as an integrative concept for 
multidisciplinary research. Lummaa et al. (2012) make 
ecosystem services as an example, where multidisciplinarity 
could be deepened into cross-disciplinarity. But it also works as 
a communicative and pedagogical concept.  
The purpose of this working paper is to provide an up-to-date 
discussion and conceptual background for the first tasks (C 
Concepts) of the research project “Integrated and policy relevant 
valuation of forest, agro-, aquatic and peatland ecosystems 
services in Finland (ESPAT) 2”. At the same time it will form a 
report of sub-tasks C1 and C3, which both are meant to support 
the major task (C2) of producing a coherent and systematic 
identification and taxonomy for the four ecosystem services of the 
study. (Separate working papers are produced to present the 
detailed classifications). It also contains conceptual material on 
ecosystem processes and functions (C3) to illustrate the 
complexity of the ways which the ecosystem goods and services 
and goods are formed to be available for the people, society and 
industries as benefits in their consumption and (further) 
production activities. These examples are mostly, but not only, 
related to forest ecosystems. 
In brief, this working report aims to be a conceptual and 
discussive one with a broad profile having a purpose to serve 
                                                     
2  ESPAT-project “Integrated and policy relevant valuation of forest, agro-, 
aquatic and peatland ecosystems services in Finland” has a general objective 
“to produce an up-to-date, integrated and policy relevant synthesis on the 
ecosystems services of forest, agro-, peatland and aquatic ecosystems in 
Finland to serve improved decision making, governance and public 
communication”. The four specific objectives are focused on Concepts (C), 
Indicators (I), Valuation (V) and Policy and decision making (P) (ESPAT 
research plan 30.11.2011). 
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the other more focused working papers to be produced during 
the study period. 
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2. Features on land use 
history and changes in 
Finland 
2.1 HERITAGE OF THE LAST ICE AGE 
Most elements of the ecosystems of Fennoscandia are 
relatively young. The ice cover of the last glacial period melted 
some 10 000 years ago. The first colonizers of the exposed land 
were grasses and weeds. As the ice receded the trees invaded to 
the north and current boreal forests were formed. Birch as a 
pioneer species arrived first. Pine established its distribution 
some 7000 years ago but spruce attained its present area only 
2000 years ago (Kouki & Niemelä 1997). Larch is still on the road 
from the east. 
Finland has the complete latitudinal cross-section on boreal 
forests divided into southern, middle boreal and northern boreal 
zones and their sub-zones (Fig. 1). Only the thin southwestern 
seashore zone of the Baltic Sea belongs to hemiboreal vegetation 
with several broadleaved species common in the temperate 
zone. In the north the boreal forest borders to the sub-arctic 
vegetation, a mix of small birches, brushes and treeless areas, 
which sometimes is seen to be the utmost extension of the boreal 
zone. 
The other larger natural ecosystems of Finland – mires and 
peatland as well as lakes and rivers – are direct off-springs of the 
Ice Age: the melting waters found their forms and locations in 
the lowest terrains shaped by the retreating ice. 
Watercourses – surrounding seas, rivers and lakes – provided 
access not only by boats during the summer but also on ice in 
winter time. 
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Fig. 1. Forest vegetation zones in Finland. The sub-arctic zone (5 Fjeld-Lapland) is 
sometimes regarded as  the northernmost part of Northern boreal zone. 
 
The “new” land revealed by the melting ice, and developing 
vegetation cover, was acting as a pulling factor leading to the 
small human populations to colonize the remote areas, some 
already when treeless tundra was prevailing landscape. 
However, it is assumed that when larger groups arrived in the 
areas of Finland, conifer-dominated forests, interspersed by a 
mosaic of naturally burnt areas, wetlands and watercourses, 
covered the land. The trees provided man with stored solar 
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energy for fire making and raw-materials for shelter and 
dwellings. Later on, most items such as tools, carts, sledges, 
boats and ships were done from wood. Food was first got from 
gathering activities, and hunting. Wood ash fertilized the slash-
and-burn fields and forest provided extensive pastures. 
Charcoal and tar were made from wood (Helander 1949, 
Hannelius & Kuusela 1995, Kuuluvainen et al. 2004). 
But the forests were not the only ecosystem providing 
resources for the settlers arriving along different routes and 
times. 
Vilkuna & Mäkinen (1943) emphasize that from the times 
immemorial the Finns have settled their permanent shelters on 
the shores of lakes and rivers. In this way they have got an 
access to the two separate elements of nature: fish from waters 
and firewood from land, open landscape in the front and 
protecting forest behind, drinking water from the lake and hay 
from lakeshore meadow. Waters have not been a hinder, rather 
a moving opportunity in summer and during winter, easier than 
hilly and stony terrain. Without lakes and rivers, life would 
have been many times more difficult – and entirely impossible 
without water (Järnefelt 1952, Horppila & Muotka 2011). 
2.2 GOODS AND SERVICES OF THE NATURE BEFORE 
INDUSTRIALIZATION 
According to the historical evidence (Helander 1949, 
Fritzboeger & Soendergaard 1995) the Finnish people seemed to 
be among the latest, if not the latest, hunter-gatherer societies in 
Europe. This recognition may hold true as picking berries and 
mushrooms, hunting and fishing have kept rather stable 
popularity among the activities of the Finns, although nowadays 
less for the subsistence but as a combined activity of getting 
wild food and recreation (Saastamoinen 1997, Sievänen & 
Neuvonen 2011). 
In the past the wild nature formed the sole material basis for 
the survival of people. Although the food and other material 
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benefits could be seen “as a free gifts of nature”, nothing was 
really given free. People have to work hard to get the necessities 
of the life and continue life itself in the harsh conditions of 
boreal climate. The activities were adapted to the seasons of the 
year. The challenge in particular was to get through the winters. 
The listing of the livelihood activities and industries in the 
following are also a part of economic and social history of the 
country. 
Gathering nature’s products. In the history mankind 
everywhere the earliest means of survival have been gathering 
of non-wood forest and other nature’s eatable wild products, 
continuing the tradition of our ape ancestors. An abundance of 
animal and plant resources formed the basic means of 
prehistoric human subsistence in the deciduous and coniferous 
wildwoods of the Scandinavia (Fritzboeger & Soendergaard 
1995). In Finland roots of plants, berries and mushrooms have 
been assumed to cover one quarter of the diet during the Stone 
Age (Mannermaa & Tallavaara 2012). 
A cultural tradition, a customary law, called everyman’s 
rights, is even nowadays providing a free access to all types of 
“wild” nature and to utilize berries, mushrooms and some other 
natural products from forests, waters and peatlands. 
Hunting. Historians have claimed that it was not the amount 
of forests as such but the richness of game and fish, which 
brought our ancestors to these areas (Jutikkala 1933, Helander 
1949). Hunting played a major role in the daily diet, as it has 
been assumed that nearly half (45%) of daily diet consisted of 
meat during the Stone Age. In the north it was mostly deer, in 
inland elks and beavers and on the coastal area seals 
(Mannermaa & Tallavaara 2012). 
Hunting was also the first connection of the population to 
international markets and in the 16th and 17th century furs of 
beavers, elks, deer, wolves, lynx, foxes and squirrel were the 
most important export products of Finland (Helander 1949). Fur 
trade had an important centre in East-Preussia. The hunting and 
fur economy brought the country to become a part of the chain 
of the economy of the world (Jutikkala 1933). 
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Fishing. Hunters, which at the same time usually were 
fishing, could not stay in one place only. Due to the clear 
seasons typical to boreal climate, a model was gradually 
developed, where during certain times of the year people 
returned to their home places, where first slash-and-burn and 
then sedentary agriculture was practiced. Lakes and rivers not 
only gave fish but watercourses provided possibilities to extend 
hunting and fishing far to the big northern rivers and the Arctic 
Sea to catch lax (Helander 1949). Fish covered 30 % of daily diet 
during the Stone Age (Mannermaa & Tallavaara 2012). 
Early agriculture. First signs of possible small-scale burnt 
clearings for cultivation go back some 4000-5000 years from 
now. It could have been mainly experimental efforts but gave 
some additions to hunting, fishing and gathering activities. 
During the bronze and pre-roman iron ages it seems to have 
extended widely in the coasts and watershed areas of south and 
west even until northern river valley of Southern Lapland 
(Tiainen 2004). 
Slash and burn agriculture was the prevailing mode of 
agriculture before and long alongside of the development of 
permanent agriculture (Heikinheimo 1915, Jutikkala 1933, 
Helander 1949). Although the period of slash-and-burn 
agriculture was long, its duration and intensity varied in 
different parts of the country. While in south-west Finland 
permanent agriculture was practiced already before and in the 
beginning of the 1st millennium, in eastern Finland slash-and-
burn replaced hunting as major livelihoods 14th century. It 
peaked in 19th century and ended not until in the first decades of 
20th century in the Eastern Finland (Helander 1949, Tiainen 
2004). In fact, it has been noted that for centuries the prevailing 
mode of living has been the “combination economy”, where 
slash-and-burn and ordinary agriculture, hunting, fishing and 
gathering forest products were practiced together - and 
supporting each other. Burning forest created habitats for some 
wildlife. Another symbiotic relationship was found in Kuusamo 
where reindeer were feeding on the arboreal lichens from the 
trees felled before they were burnt for agricultural crops 
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(Taavitsainen 1994). Björn (2000) reported about the use of fire 
for increasing production of wild berries. 
Besides geography, also the scales and practices were 
changing during the centuries. Rotation-type of slash-and-burn 
agriculture reduced greatly forests around settled areas, which 
eventually also was the purpose because open landscape gave a 
better shelter for cattle against predators and for houses from 
fire.  
In the 11th century a new “forest rye” species was discovered 
and the method of burning forest “from above” by girdling 
large standing trees was developed. This innovation promoted 
effectively the settlement of the central and eastern Finland. 
In the eastern part of southern boreal zone as much as 50-70 
per cent of forests were burnt at least once, and in the southern 
part 30 per cent. In these areas the more fertile deciduous and 
spruce forests dominated, compared to the western and 
northern parts of the country (Kuuluvainen et al. 2004).  
The population in the whole country remained low, and due 
to crop failures of the last decade of 17th century it was not more 
than 0.4 million and only was able to grow after the end of the 
Great Northern War (1700-1721) between Sweden and Russia 
allied with several Baltic sea countries. However, between that 
time and 1850 both field area and population more than 
quadrubled. In 1900 population was about 2 millions and field 
area c. 1 million ha (Tiainen 2004). The close tie between the 
growth of the population and field area continued up to the 
1960. Helenius (2004) estimates that when the agricultural land 
area in Finland was at its largest, two thirds of the fields were 
earlier forests transformed mainly by slash-and-burn practices 
or otherwise cleared for agriculture. 
Tar burning. A major reason, why the period of slash-and-
burn agriculture was shorter in the western coastal areas of 
Finland than in inland, was that the peasantry of the west found 
a more profitable way to utilize forests – tar burning (Kuisma 
1993). 
In the tar production scars were made on the trunks of young 
pine trees to increase their natural resin production. After some 
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years the trees were cut and piled into downward sloping 
burning ground – formed in the shape of a funnel – with a spout 
at the lower end ground. It was covered with peat, and kindled. 
In low oxygen conditions the burning trees extract liquid tar, 
which was collected into the barrels, transported by small boats 
along the lake and river routes to the seaside trading towns to 
be shipped abroad (Helander 1949). 
Already in the 17th century tar became the major export 
product of Finland as the Europe’s growing wooden trade and 
warfare ships demanded increasing volumes of tar for their 
maintenance. It reached the scale of large industry in 18th 
century and the export peaked in the 1860s being nearly 23 
million litres, requiring about one million m3 of pine wood. 
However, already 2-3 decades earlier the value of lumber export 
was higher than that of the tar. When metals substituted wood 
in ship building and new chemicals and competitors challenged 
tar, the exports turned down and tar burning practically ended 
in the early 20th century (Kuisma 1993). 
Tar had the major impact for the economic development. It 
brought wealth for traders in the selected coastal trading towns 
including the major centre in Stockholm, but it also provided 
much needed employment and income for peasants and 
workers even in remote production areas in the west coast and 
inland watershed areas. 
However, harvesting of young pine forests decreased good 
quality pine logs and increased the amount of spruce in dry 
sites, where it was not able to grow well but became a headache 
of forestry of later times. 
Household and early commercial use of wood. The major 
early (and still continuing) forest uses include harvesting logs 
and smaller wood for building houses, agricultural buildings 
and huge amount of fences as well as tools and equipment for 
numerous other purposes. Logs were easily available for 
construction and could be directly used with minimal work. 
Besides buildings forest offered firewood – the basic good for 
survival in the cold climate for heating the houses and 
preparation of food. 
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Hewn logs, and later lumber, which in a larger scale was first 
sawn in water powered sawmills, firewood and many 
manufactured wood products (including a larger scale 
construction of wooden ships in the coasts of Ostrobothnia) also 
brought export income (Helander 1949, Vehkamäki 2006). 
Grazing in the forest and collecting fodder was common all 
over in the country. The summer feeding of the cattle was based 
on grazing and in the 19th century forests formed the primary 
grazing areas. Its impacts on forests increased with growing 
milk and other animal production since the end of the 19th 
century. The areas left from slash-and-burn agriculture were 
commonly used for grazing. The role of forest grazing was the 
largest in the small farms and in the inland and eastern parts of 
the country. The winter feed was collected mainly from 
meadows but slash and burn areas also provided broadleaved 
twigs for winter feed and coniferous twigs for bedding for the 
cattle. The use of forests for grazing was still important in the 
1930s, although cultivated hay fields were already established at 
that time (Laitinen 2012). Forest grazing was decisively 
decreasing until the 1960s. The last statistics on forest grazing 
area was from 1965 when it was 1.36 million hectares 
(Kuuluvainen et al. 2004, Pykälä 2011). 
As slash and burn agriculture also forest grazing was a 
necessary stage in agricultural development. Both activities 
reduced forest quality as they often were located in most fertile 
forests. On the other hand these activities produced diversified 
biotopes later appreciated as heritage forests and cultural 
landscapes such as leaf fodder meadows, pasturages and 
grazing areas, which had developed their own rich biodiversity. 
These traditional biotypes are now regarded as most threatened 
of all biotypes in Finland (Hanski 2011). 
However, one important form of forest grazing has still kept 
its position. In Northern Finland there are large forest and fell 
areas, covering about one third of the country, which for 
centuries have been grazed by reindeer. Reindeer husbandry is 
based on free grazing of state and private forestry lands by 
about 200 000 privately owned reindeer managed in 57 reindeer 
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management districts and owned by about 1000 families (Maa- 
ja metsätalousministeriö 2013). In the northernmost part 
reindeer husbandry still forms a major economic foundation of 
the indigenous Sámi-culture, although the sources of livelihood 
are more diverse now. Reindeer husbandry is also found in the 
northern fell and forest areas of Sweden, Norway and Russia 
(Helle 1982). 
Peatland uses. Mires and peatlands constitute a natural 
resource which man has exploited since early times, e.g. as 
hunting grounds and natural forage production sites for 
livestock. Later on, the use of mires shifted towards hand-
cutting of peat for burning and animal bedding, followed by 
drying and clearing for agriculture and forestry (Päivänen & 
Hånell 2012). In Finland, due to the short growing season and 
the farms’ considerable needs for all kind of wood, forest 
ownership has always seen as a necessary part of the 
agriculture. Before land reforms the needs for wood were met 
by the liberal use of state’s forests or undivided common lands 
of the villages. Owning forest very often means also owning 
mires, which originally covered one third of the terrestrial area 
of the country. When agriculture needed permanent fields, it 
was not only forests cleared for that, but also peatlands 
provided potential for agriculture. 
First notes from agricultural uses of peatlands come from 14th 
century and experiments to drain peatlands were established in 
17th century in Western and 18th century in Eastern Finland. 
Most nutritious mires in southern and central Finland were used 
already in 19th century. First larger systematic drainage wave 
was established during the severe hunger years 1866-1868 
(Vasander 2011a). 
Drainage for agricultural purpose has been about one million 
hectare or c. 10% of total peatland area. The share of drained 
peatlands was at its largest 1/3 of all cultivated agricultural land, 
now it is 11% of total field area. It has been difficult to organize 
drainage effectively, because lowland area mires are cold and 
peat is acid and poor of nutrients (Vasander 2011a). Fire was 
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effectively and in large scale utilized when forested peatlands 
were prepared for cultivation. 
The results of partially poorly drained peatlands on forest 
growth after some decades brought an idea for peatland 
drainage for forestry purposes, first in state forests in early 20th 
century and then in larger scale facilitated by first Forest 
Improvement Act of 1928. Large scale mechanized peatland 
drainage were brought by several forestry intensification 
programmes in 1960s and 1970s, following the predicted wood 
shortage due to the expansion of forest industries after World 
War II settlement programs and rebuilding of economy. Now, 
53 % of originally 10.4 million ha peatland and mire area of 
Finland has been drained for forestry purposes (Vasander 
2011a). 
During 19th century one motivation for forest drainage of low 
land and open mires was the perception that it provides means 
to prevent night frost. Later on it was found rather to be the 
other way round during spring–summer nights. Sometimes also 
forest borders against peatlands were drained to prevent 
paludification. However, it was soon understood, that 
paludification of mineral forest soils already has occurred in the 
areas being exposed to that, and the additional protection 
drainage benefits remained marginal (Vasander 2011a). 
Peat extraction for energy purposes has a long history in 
Europe. In Finland an industrial extraction of energy peat was 
started in 1876 (Vasander 2011b) but in larger scale it was 
encouraged during the World War II and during and after the 
oil crisis in 1973-74 (Ruuskanen 2010). Nowadays it is a part of 
domestic energy supply but debated for the loss of natural 
peatland and also due to its adverse impacts on climate and 
inland waters. 
Lakes, rivers and minor freshwaters have given food and 
water for many purposes and provided transportation routes. 
But when demand for food crops grew, even lakes were taken 
into agricultural use by decreasing the level of water surface or 
even drying entire lakes. Drainage of wetlands and flood 
protection have been important for the agriculture in Finland. 
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Planned cleaning of rivers and rapids was started in mid 18th 
century. It was multipurpose activity for flood protection, water 
transportation, to get new crop land and meadows for cattle. By 
clearing rapids and rocky places one was able to support also 
peatland drainage (Siikamäki et al. 2004). 
Water power of streams and rivers were first harnessed in 
14th century, when water mills for flour making were 
constructed. During the following century already more than 
hundred mills have been recognized. When the tar burning 
became a leading industry alongside agriculture, the 
improvement of the transportation capacity of rivers took off. 
Also timber floating for developing sawmilling industry 
required clearing of rapids and improving routes. Practically all 
brooks and rivers capable for timber floating have been used for 
that purpose and in all the total length of floating routes have 
been 40 000 km (Siikamäki et al. 2004). The quality of inland 
waters was also worsening due to the liquid wastes of growing 
pulp and paper industries, the humus from peatland drainage 
for forestry and the nutrient loads from intensified agriculture. 
2.3 A SHORT-CUT: PAINFUL PATHS TO MODERNITY 
In 1809 the Kingdom of Sweden had to deliver its eastern 
part to the Russian Empire. Instead of Russification, the 
emperor granted the new Grand Duchy of Finland a large 
degree of political autonomy and promised to preserve the laws, 
decrees and privileges created under Swedish rule. The 
Emperor had the highest legal authority but the Finnish Senate 
(and Diet from 1863) had a permission to rule on the Grand 
Duchy’s “own affairs”. This laid the basis for “independent” 
development, as country’s own organs of government – 
contingent upon absolute loyalty to the Emperor – had now 
more power in their hands than under Sweden (Michelsen 
1995).  
For many reasons the development did not come under way 
until the 1840s, but then the pace became brisk. However, the 
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food supply was still vulnerable, and the real catastrophe struck 
in the mid-1860s when sudden night frosts in the spring and 
autumn destroyed the grain crop during several years. The 
Finnish famine of 1866–1868 killed 15 percent of the population, 
making it the last and one of the worst famines in European 
history. This tragedy led the Russian Empire to ease financial 
regulations in the country, and investment rose in the following 
decades. Agricultural development was intensified and turned 
to milk cattle economy (Tiainen 2004). However, the growing 
economic affluence was largely based on Finland’s forest 
resources and the development of modern forest industries. 
Russia and StPetersburg in particular provided growing 
markets for all developing industrial products, paper in 
particular, but also for agricultural products such as butter 
(Michelsen 1995, Kuisma 1993). 
Economic and political development was rapid but contained 
hidden tensions within the society as the growing wealth in 
industries and agriculture did not meet all the members of the 
society. The number of landless people increased due to the 
population growth but also due to often unequal ways industry 
bought – or robbed – farmers’ forests. The profits of paper 
industry were compared to low salaries of workers. Socialistic 
ideas spread among tenants and landless people and workers of 
forest industries. There were increasing calls for land reforms, 
labor law and eight hour working day. External tensions 
appeared as well. In the turn of the century the Russification 
programme, demanding Finland to join more closely to the 
Empire, marked the beginning of so called first period of 
oppression. It ended with the General strike of 1905, which 
brought democratic reform of the parliament and broke the 
power structure of the class society (Kuisma 1993). The women 
were given a right to vote in elections and become elected in 
1906, first in the world. Second period of oppression began in 
1908, continuing until the First World War. 
World War I did not influence very much directly Finland, 
but it brought the end to the old Russian Empire. Soon after the 
Russian Revolution, Finland declared its independence in 
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December 1917. The fears and hopes for the spread of 
revolutionary development into Finland caused a citizen war 
(liberation war) between the “Whites” and the “Reds”, won by 
the former. The civil war with its precedent events and its 
aftermaths left deep wounds into the divided society, which 
hardly was recovering during the further industrialization and 
agricultural development until World War II (1939-1945). 
However, the nation was largely united in defending their 
young independence against the Soviet Union in the Winter 
War of 1939 and during the continuation war period of 1941-
1945. Finland was able to maintain her independence, although 
had to cede about 10 per cent of its land base to the Soviet 
Union, including population centres, agricultural lands, forests 
and forest industries. During the long war period forests and 
other ecosystems provided vital supporting services both for 
men in the forefront and people at the home front. 
The postwar economic development was still largely 
maintained by the forest industries, but the heavy war 
compensations to the Soviet Union were mainly ordered to be 
investment goods of metal and engineering industries, which 
acted as a driver to diversify the manufacturing industries. 
Although the relative share of forest industries in the export, 
GDP and employment started continuously to decrease, the 
production of pulp and paper in particular continued to grow 
until 2007. 
The rebuilding of the economy and resettlement of people 
meant heavy investments in all nature related activities, in 
agriculture, in forestry, the utilization of peatland and inland 
waters. For example, Siikamäki et al. (2004) noted that the 
Golden Era for water construction entered after the World War 
II. Water power stations and artificial lakes were built up, 
cleaning and embankment of river areas were done, and 
rewatering dried lakes and drainage of agricultural lands and 
peatlands were carried out. It has been estimated that only one 
tenth of river waters are unbuilt and natural, if the criteria is at 
least 50 km of natural river length without upstream dam. 
  27 
 
2.4 FOREST, PEATLAND, FRESHWATER AND 
AGROECOSYSTEMS IN THE PRESENT LAND USE IN FINLAND 
Total area of Finland (without the area of sea water, 52 471 
km2) is 338 432 km2 and is divided between inland watercourses 
(10.2 %) and terrestrial land area (89.8 %). Inland watercourses 
correspond to aquatic ecosystems in this study and terrestrial 
ecosystems include forest, peatland and agroecosystems. Together 
these four ecosystems make 95.5 % of the land-based cover 
(without sea area). 
Forests and forestry lands 3  are regarded as the key natural 
resources, supplying wood, biomass for energy and many other 
benefits for industries and households. Forests are dominating 
terrestrial ecosystem composing of soils, trees, other plants, 
fauna and a variety of habitats maintaining biodiversity, visual 
landscape, recreational and other benefits. The concept of 
multiple use of forests has provided the common framework to 
identify and categorize forest goods and services and analyze 
their “internal” multiple production possibilities and 
externalities (e.g. Saastamoinen 1982, Kangas & Kokko 2001). As 
all other ecosystems forests are hierarchically structured 
dynamic ecosystem, which can be examined in different spatial 
and temporal scales (Kellomäki 2005, Kuuluvainen et al. 2004). 
 
                                                     
3 The concept forestry land in Finland breaks down into forest land, poorly 
productive forest land and unproductive land according to its capability of 
producing volume increment. On forest land the capability is 1.0 m³/ha/year or 
more (as an average of the rotation period), on poorly productive forest land 
0.1 m³/ha/year or more, and on unproductive land less than that. It includes 
also forest roads, depots and other minor areas. Unproductive and a part of 
poorly productive forest land are not suitable for wood production (open areas 
or scanty trees and brushes covered areas) but good for many other forest uses 
such as grazing, recreation or for providing open space. Forestry land also 
includes large areas which are not meant for wood production (or it is 
restricted) (such as several types of nature conservation or other protected 
areas) (Finnish Statistical... 2012). 
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Fig. 2. Main land cover categories in Finland. Open area in the northernmost part 
refers mostly to open (treeless) fjelds. In other parts it refers to open peatlands. 
 
 
The most common forest definition, which include all 
forested mires and peatland classified as productive or poorly 
productive forest land makes forest area to be 67.9 % of total area 
and 75.6 % of the land area (Forests (a) in Table 1). One gets 
lower forest shares (52.8 % of total area and 58.7 % of land area 
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(Forests (c) in Table 1) if only drained and transformed forest 
land mires are included into the concept of forests. 
Aquatic ecosystems are combinations of abiotic water and 
biotic communities. All elements of water nature are examples 
of ecosystems and natural entities which maintain diverse biota, 
networks of interactions between biota and multitude of 
ecosystem processes or ecosystem functions (Walls & Rönkä 
2004). This study deals only with freshwater ecosystems. 
Finland is a country of thousands of lakes, which together 
with rivers and other aquatic ecosystems (brooks, ponds and 
springs) provide water, power, livelihoods and recreation. 
However, despite the large number of lakes and significant area 
they covers (10 % of terrestrial surface) the volume of water 
stored is less than in the largest lake in Europe - Lake Ladoga in 
Russia, close to the Finnish border. It also gathers water from 
some Finnish rivers. 
Peatland and mires originally covered 10.4 mill.ha (Päivänen & 
Hånell 2012) or 31 % of the whole area of the country (without 
sea area) but now 26% of that and 29% of the land area. 
Peatlands offer natural landscapes and variety of other 
environmental services and goods mainly in least inhabited 
parts of the country. However, roughly half of peatland and 
mires having proper forest cover (naturally, or due to the 
drainage) are classified both as forests and as peatlands. 
Consequently, there are several possibilities for drawing the 
borderlines between forests and peatland ecosystems in the 
statistical summary (Table 1, Forests (a), (b) and (c)). 
According to common international classification peatland is 
an area with or without vegetation but with a naturally 
accumulated peats layer at the surface. A mire is a peatland 
where peat is currently being formed, i.e. it is a wet terrain 
dominated by living peatforming plants. In short it can be said 
that the mire is a synthesis of water and soil (Päivänen & Hånell 
2012). A Finnish word “suo” is a wetland with or without peat 
layer dominated by vegetation that may produce peat. In the 
latter case no minimum peat thickness has been set. This 
concept includes some non-peatland which belongs to wetlands 
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without being mire or peatland (Joosten & Clarke 2002, 
Päivänen & Hånell 2012).  
One gets lower forest shares (52.8 % of total area and 58.7 % of 
land area (Forests (c) in Table 1) if only drained and transformed 
forest land mires are included into the concept of forests; and 
consequently higher shares of mires and peatland 18.3 % of total 
area and 20.3 % of land area, (Mires and peatland (c) in Table 1). 
However, the whole amount of mires and peatland on all 
forestry land is 26.0 % of total area and 29.0 % of land are (Table 
1, Mires and peatland (a)). 
Agricultural environment is an essential part of Finland’s 
nature. It forms open landscapes, makes inland waters visible, 
and together with forests create the mosaic of landscapes 
regarded as traditional rural and cultural landscape of the 
country. Agroecosystems present a variety of ecosystems. The 
core systems are cultivated fields, which form the major basis of 
agricultural production. Edges surrounding fields towards 
rivers, lakes, roads and forests, meadows and old grazing areas 
create scenic and biotic diversity. The cultivated field ecosystem 
itself is a monoculture, managed for efficient crop production. 
The field can be defined as an ecosystem, on which the field 
plant production is dependent. Domestic animal production on 
its part is dependent on feed produced in the fields. The field 
ecosystem is composed of the plant partial ecosystem, herbivore 
partial ecosystem, and decomposition partial ecosystem. A 
considerable part of plant field ecosystems are used for grass for 
milk cow, which is the major herbivore. If man is included into 
the foodweb he/she is the herbivor of bread grain ecosystem but 
ecologically a predator when eating meat of domestic animals 
(Helenius et al. 2004). As any other ecosystems agroecosystems 
form a spatial hierarchy of systems, where a block of field 
represent the lowest level, open fields and cultivated area the 
middle level and watershed and landscape areas the upper level 
(Helenius et al. 2004). 
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Table 1. Forest-, peatland, agro- and inland aquatic ecosystems by different definitions 
and their shares of total area and land area of Finland (calculated from the Finnish 
Statistical... 2012, some data based on 2011 statistics) 
LAND CATEGORY mill. ha % % 
TOTAL AREA OF FINLAND1 33.84  100  
Inland watercourses2 3.45 10.2  
LAND AREA 30.41 89.8 100 
Forests3 (a) 
Forests minus undrained mires (b) 
Forest land4 
Forests on mineral and transformed  
land5 (c)  
22.98 
20.77 
20.26 
17.86 
67.9 
61.4 
59.9 
52.8 
75.6 
68.3 
66.6 
58.7 
All mires and peatland6 
Mires and peatland7 (c)  
Pristine mires and peatland8 (b)  
Mires if all forest and poorly productive 
forest land are classified as forest (a)  
8.81 
6.18 
4.08 
2.16 
26.0 
18.3 
12.1 
6.4 
29.0 
20.3 
13.4 
7.1 
Unproductive land9  
Treeless peatland10 
Mires in sub-arctic zone11   
Open fjelds mainly in sub-arctic zone12   
3.196 
1.531 
0.294 
1.00 
9.4 
4.5 
0.6 
3.0 
10.5 
5.0 
0.7 
3.3 
Agricultural lands13 2.75 8.1 9.0 
Built-up areas14 1.51 4.5 5.0 
 
1 Without sea areas; 2 Aquatic ecosystems: lakes and rivers; 3 Productive (20.31 mill. ha) 
and poorly productive forest land (2.52 mill. ha), including forest roads, depots etc. 
(0.20 mill. ha); 4 Productive forest land only (20.31 mill. ha); 5 Forest land mineral soils 
(15.23 mill. ha) and drained, transformed mires on forest land (2.63 mill. ha) where 
ground vegetation consists of upland vegetation, and the growing stock is no longer 
suffering from excess water; 6 All mires and peatlands on (productive) forest land, 
poorly productive forestry land and unproductive forestry land; 7 As above minus 
transformed mires on forest land (2.63 mill. ha); 8 Undrained mires and peatlands;  
9 Naturally treeless or almost treeless mineral or peatland areas, included into forestry 
land; 10 Open peatlands in all country, included into mires and peatland categories 
(6,7,8,10), consequently also into (9); 11 Also called Fjeld-Lapland vegetation zone. Most 
mires (0.214 mill. ha) are treeless; 12 An approximate of open fjeld areas in sub-arctic 
zone + open fjelds in northern boreal zone, both included into unproductive forestry 
land; 13 Agroecosystems; 14 Built-up areas and transport routes 
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Together agricultural areas – representing agroecosystems – 
cover 8.1 % of total area and 9.0 % of land area (Table 1). It 
includes fields and grazing areas, unproductive areas and small 
forest areas inside agricultural environment. 
Built-up areas include areas and surrounding environment 
required by population centres, mills, farms’ economy centres, 
dwellings, parks, cementaries as well as fuel peat supply areas, 
gravel pits, if there is equipment (VMI11 2009). Here also 
transport routes such as roads and railways as well as airport 
areas combined into built-up areas. They cover 4.5 % of total 
area and 5.0 % of land area. 
Open areas (Fig. 2) correspond roughly to unproductive forestry 
land (Table 1) and are either naturally treeless or almost treeless 
mineral or peatland areas. Open peatland areas are included 
into peatland and mire ecosystems category. 
Largest open mineral lands are found in sub-arctic zone but 
there are treeless or almost treeless fell areas also in northern 
boreal zones. One could separate a fifth ecosystem called as 
“fjeld ecosystems” which includes “open fjelds” locating mainly 
in sub-arctic zone but covering some open fjeld areas in 
northern boreal zone. Its area can be approximated to be about 1 
mill. ha, or ca 3 % of terrestrial land base. It will be given 
separate considerations in the synthesis study. 
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3. Ecosystems, their 
structures, functions and 
management 
3.1 DEFINITIONS OF ECOSYSTEMS 
The concept of ecosystem was first suggested by A.G. 
Tansley (1935), in his critical article “The use and abuse of 
vegetational terms and concepts”, published in Ecology. 
Compared to some earlier conceptualizations he emphasized the 
role of abiotic components in the concept: “The more 
fundamental conception is … the whole system … including not 
only the organism-complex, but also the whole complex of 
physical factors forming what we call the environment of the 
biome - the habitat factors in the widest sense. .. It is the systems 
so formed which, from the point of view of the ecologist, are the 
basic units of nature on the face of the earth... These ecosystems, 
as we may call them, are of the most various kinds and sizes“. 
Tansley (1935) explicitly included man-modified ecosystems 
into his concept. “Forest may be converted into grassland by 
grazing animals. The substitution of the one type of vegetation 
for the other involves destruction of course, but not merely 
destruction: it also involves the appearance and gradual 
establishment of new vegetation... We must have a system of 
ecological concepts which will allow of the inclusion of all forms 
of vegetational expression and activity. We cannot confine 
ourselves to the so-called "natural" entities and ignore the 
processes and expressions of vegetation now so abundantly 
provided us by the activities of man”. 
Besides being fundamental in ecological and biological 
sciences, ecosystem concept has widely been used in a large 
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array of environmental and applied natural sciences. In 
ecological economics it became a paradigmatic concept, which 
found also some niches in other social sciences. Recently, 
ecosystem concept was introduced into the business 
vocabulary4. 
In ecological sciences, the ecosystem definition of Odum 
(1971) has been widely used (e.g. Kellomäki 2009): “Any unit 
that include all the organisms (i.e. the “community”) in a given 
area interacting with the physical environment so that a flow of 
energy leads to clearly defined trophic structure, biotic diversity 
and material cycles (i.e. the exchange of matter between living 
and non-living parts) within the system is an ecological system 
or ecosystem”. 
Millenium Ecosystems Assessment (MA 2003) summarizes 
that “an ecosystem is a dynamic complex of plant, animal, and 
microorganism communities and the nonliving environment, 
interacting as a functional unit. Humans are an integral part of 
ecosystems”. It gives advice on the boundaries of ecosystems: 
“A well-defined ecosystem has strong interactions among its 
components and weak interactions across its boundaries. A 
useful ecosystem boundary is the place where a number of 
discontinuities coincide, for instance in the distribution of 
organisms, soil types, drainage basins, or depth in a water body. 
At a larger scale, regional and even globally distributed 
ecosystems can be evaluated based on a commonality of basic 
structural units”. This may help, for example, further studies   
for drawing an ecological borderline between forest and 
peatland ecosystems (Ch. 2.4). 
The emphasis of MA (2003) was that humans are an integral 
part of ecosystems. This is in line with the idea of coupled socio-
ecological systems (e.g. Haila & Levins 1992, Naskali 2010), 
which links more explicitly the influence of economy and 
institutional structures on the functioning of ecological systems. 
                                                     
 4 ”Today, the battle is moving from one of mobile devices to one of mobile 
 ecosystems… Ecosystems thrive when they reach scale, when they are fueled 
 by energy and innovation” Open Letter from CEO Stephen Elop, Nokia and 
 CEO Steve Ballmer, Microsoft,  February 11, 2011 
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Haila & Levins (1992) point out that when people intervene the 
functioning of the system, they become a part of the system and 
lose their position as external regulators. They also remind that 
the action of the human subject actually is an output of 
conflicting interests. 
3.2 AN EARLY EXAMPLE ON ECOSYSTEM ORIENTATION IN 
THE APPLIED SCIENCES 
An integration of economic and ecological systems in applied 
sciences may often have had a narrow focus of economic 
interests (Haila & Levins 1992) but there has always been a wide 
temporary, spatial, disciplinary and institutional variation in 
regard to goals and ideals of integration and their 
implementation. 
Finnish forest sciences have strong ecological foundations 
much thanks to forest site type theory of A.K. Cajander (1917, 
1926). He was a botanist, the first professor in silviculture at the 
University of Helsinki and the director general of the state forest 
organization. He planned and organized forest education, 
research and administration from the 1910’s to 1930’s. 
According to the forest site type theory, the forest and peatland 
types defined on the basis of the ground vegetation reflect the 
fertility of the soil and wood production capacity, i.e. 
productivity of the site. The biological classification and 
mapping of forest sites served silviculture and forest planning, 
forest inventory and growth studies and formed a basis for 
forest land taxation. 
The forest and peatland site type system has been of great 
value to research on the biodiversity of forest ecosystems as 
each site type is characterized by a specific flora and fauna 
(Hannelius & Kuusela1995, Kuuluvainen et al. 2004). An 
understanding that boreal coniferous forests are ecosystems 
governed by natural laws has no doubt been the foundation of 
Finnish silviculture and forest management (Hannelius & 
Kuusela 1995). This does not say that all forestry activities have 
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been ecologically sound – mistakes have been done, learning 
goes by doing and research can occasionally guide to somewhat 
different directions. Even the interpretations what it in fact 
means to be ecologically sound may vary. For example, a claim 
that those forestry practices based on clear cutting and artificial 
regeneration only follow natural fire dynamics of forests have 
been brought under critically examination (Kuuluvainen & 
Aakala 2011). 
3.3 STRUCTURAL FEATURES OF ECOSYSTEMS 
This chapter summarizes some key features of ecosystem 
properties and functioning, which would be useful for 
understanding the structures and dynamics of the ecosystems. 
This forms the context where ecosystem goods and services are 
produced. 
The aim here is to pinpoint the complexity of ecosystems 
through the multitude and variety of the concepts and 
approaches of analyzing it. The purpose is not to introduce 
systematically ecological concepts, models and theories but just 
to demonstrate the unique variety of features, structures, webs, 
functions, processes and interactions behind what can be called 
ecological (socio-ecological) production of ecosystem goods and 
services. This is meant to serve as a background for the next 
chapters dealing with definitions of ecosystem goods and 
services (Ch. 4), conceptualizations of the chain from ecosystems 
to ecosystem services (Ch. 5) and on considerations on 
production and management aspects of ecosystems services (Ch. 
6). 
The ecosystem includes both organisms (biotic communities) 
and their abiotic environment, each affecting the properties of 
the other, so that both are necessary for maintaining life in the 
biosphere (Table 2). 
Functions relate to roles or activities of the species or 
populations. For example, in forests, trees function as a food 
base and as a habitat for animals and microbes. Animals and 
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microbes function to cycle nutrients and regulate balance among 
populations. In these examples one can see two aspects of 
function: (1) influence on the processes (e.g. photosynthesis, 
nutrient cycling, population growth), and (2) influence on 
system structure and social networks (e.g. balance between 
different populations). In addition to these internal functions, 
one also can identify external functions, which are influences of 
the community as a whole on its surroundings. Regulation of 
water and nutrient fluxes, stabilization of soils, and absorbtion 
of and reflection of solar energy (i.e. albedo) are examples of 
external functions (Perry et al. 2008, p. 158). 
 
Table 2. Structural features of ecological systems (Odum 1971, from Kellomäki 2009) 
Factor Description Characterisation 
Abiotic 
factors 
 
 
 
 
 
 
 
Climatic factors 
  - Radiation 
  - Temperature 
  - Humidity 
  - Rainfall 
 
 
 
Independent of 
population density, 
representing mainly 
energy driving 
physiological and 
ecological processes in 
individuals, populations 
and communities. 
 
Non-climatic physical and chemical 
factors 
  - Gravity and pressure 
  - Particle size and physical   
    structure 
  - Chemical composition and  
    mineral salts 
  - Gaseous content and chemical   
    structure of substrate 
 
Independent of the 
population density, 
representing matter 
available for production 
and energy driving 
physiological and 
ecological processes in 
individuals, populations 
and communities. 
Biotic 
factors 
 
 
 
 
 
 
 
 
 
 
 
 
Trophic structure 
  - Concentration of inorganic  
    nutrients 
  - Availability of food supply 
  - Intra-specific and inter-specific  
    interactions 
  - Competition 
  - Herbivory 
  - Predation 
  - Parasitism 
 
 
Dependent on population 
density, representing the 
energy flow through the 
food web and matter 
available for production 
at different trophic levels. 
Dependent on population 
density, representing the 
food supply and 
performance of 
organisms with energy 
flow through the food 
web representing 
different trophic levels. 
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Kellomäki (2009) defines forests as ecosystems where trees and 
other green organisms occupy sites and intercept solar energy 
under the control of climatic and edaphic factors. The solar 
energy flows from producers (green plants) to consumers 
(organisms other than green plants). 
In the forest ecosystem, different organisms form complex 
food webs. The dynamic links between organisms are the keys 
to the management of the forest ecosystem. Proper 
manipulation of forest dynamics allows production of timber or 
other goods and maintenance of the environmental values of the 
forests (Kellomäki 2009). 
The basic description of ecosystems includes the 
characterizations of their structures and functions. The structure 
can be divided into “site bound” physical components and 
“moving” elements such as fauna and water. 
A list of the various components of the (only) physical 
structure of forests, trees and their parts as well as other 
components (each are described with several attributes left out 
here) from top to down include: foliage, tree crowns, tree bark, 
tree boles, wood tissues, standing dead trees, fallen trees, shrub, 
herb and moss layers, forest floor and organic layers, pit and 
mound topography, roots, soil structure, landscape structure 
(Spies 1998, in Perry et al. 2008). 
Functional description includes energy flows with fixation 
and flow through food chains, food chains representing 
herbivory and higher levels of energy use, diversity patterns in 
time and space, nutrient cycles (biogeochemical cycles), 
development and evolution of ecological systems, and 
control (cybernetics) of ecological systems (Kellomäki 2009). 
Functioning and structure of ecosystems are closely related. 
According to Kellomäki (2009), at the physiological level, 
functioning refers to the metabolic processes (photosynthesis, 
respiration, and nutrient and water uptake) and their role in 
controlling the regeneration, growth and mortality in 
population and communities. Thus, physiological processes link 
the dynamics of the forest ecosystem with the climatic and 
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edaphic properties through the energy flow, nutrient cycle and 
hydrological cycle. 
The long term functioning of the forest ecosystem 
(succession) gradually changes the structure of the forests. This 
is evident in changes in the composition of tree species and 
ground vegetation and in the accumulation of organic matters in 
trees, ground vegetation and soils. The structure of the forests is 
a result of functioning over a selected time period (Kellomäki 
2009). 
In regard to succession one may note that it is the most 
characteristic feature of forest ecosystems and perhaps less used 
and less applicable for freshwaters, agro-ecological systems and 
peatlands. 
3.4 BIOGEOCHEMICAL PROCESSES AND ECOSYSTEMS 
Every ecosystem have their own typical and site specific 
biogeochemical processes, which altogether form the “the global 
ecosystem” with its global biogeochemical processes and cycles. 
The earth is the only planet that supports abundant carbon-
based life, because carbon is not in the atmosphere (unlike in the 
other planets) but bound in living things or their residues (e.g. 
coal, oil, soil organic matter). Two gases, nitrogen and oxygen, 
make up 99 % of the earth’s atmosphere. Life alters atmospheric 
chemistry because organisms take up, utilize and cycle some 
elements more than others. Carbon dioxide occurs only in very 
small amounts in the atmosphere (0.03%) (Perry et al. 2008, p. 
22). 
The cycles of some important elements through the global 
ecosystems are illustrated in Fig. 3. The chemical elements 
required by life are not distributed evenly in the globe. Water 
and carbon are concentrated in the oceans, molecular nitrogen 
and oxygen in the atmosphere and other elements essential for 
life in the rocks. Hence cycling from one portion of the 
biosphere to another is essential to maintain life everywhere 
(Perry et al. 2008, p. 23-24). 
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Fig. 3. The global cycles of some biologically important elements: carbon (C), oxygen 
(O), nitrogen (N), sulfur (S) and water (H2O). Photosynthesis moves carbon from air 
and release oxygen to the atmosphere. Respiration (organisms liberate the energy of 
carbon compounds to power the life) reverses photosynthesis, removing oxygen from 
the air to recombine with carbon and form carbon dioxide. Fire has the same effect. 
Microbes in soils, streams and oceans utilize nitrogen compounds for energy, releasing 
nitrogen gas to the air. Besides evaporation, land plants transpire water from leaves to 
atmosphere. Precipitaton brings water back to soils and waters. Sulphur (rocks) is 
emitted to air from fossil fuels, phytoplankton and by microbes in anaerobic conditions 
of bogs and sediments. The chemistry of atmosphere, in turn, profoundly influences 
factors that are of considerable consequence to life, such as global temperature and 
penetration of harmful radiation from the sun (Perry et al. 2008, p. 21-27, from NASA 
1988). 
 
 
Two cycles can be distinguished: (1) the gaseous cycle, in 
which elements move through atmosphere during at least some 
portion of their global cycle; and (2) the sedimentary cycle, in 
  41 
 
which elements move from land to water and then to sediments, 
where they remain until moved to land by tectonic activity. 
Time scale of gaseous cycles is some years but that of 
sedimentary cycles can be millions of years. The equivalent of 
the entire atmospheric content of carbon passes through the 
terrestrial biota every six years but a molecule of phosphorus 
eroded from hillside and moved by water to eventually reside in 
deep ocean and sediments may not move to land again for 
million of years (Perry et al. 2008, p. 24). 
At the ecosystem level, ecological modeling has been an 
important instrument to analyse and predict ecosystem 
behavior in different contexts. For example, Waring & Running 
(2007) recognizes two basic classes of forest ecosystem (process) 
models: biogeochemistry models (computing growth from the 
seasonal dynamics of canopy carbon balance) and gap models of 
forest dynamics (emphasizing disturbance, recruitment and 
mortality processes that affect individual trees). Forest 
succession is normally a combination of autogenetic succession 
(due to minor disturbances like life cycle of single trees) and 
allogenetic succession (driven by major disturbances such as 
forest fires and storms) (Kellomäki 2009, Kuuluvainen & Aakala 
2011). Both model types are important for the understanding of 
the complexity of the generation of ecosystem goods and 
services. The gap and succession models focus on longer term 
and biochemistry models to shorter term dynamics. Our 
example represents the latter type. 
The purpose of the following comprehensive ecosystem 
biogeochemical model (Table 3, Waring & Running 2007, p. 6) 
here is to demonstrate the complexity of interdependent and 
interacting processes, which are found to be important for 
modeling the structure and functioning of forest ecosystems. 
Waring & Running (2007) state that while no current model 
include all the processes completely, “it is essential that energy, 
carbon, water and elemental cycles are all be represented, even 
if simplistically. It is precisely the interaction among the cycles 
that are the core of ecosystem analysis”. 
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Each of the processes and subprocesses are in one way or 
another, sometimes “alone”, sometimes “together”, forming the 
functions (defined in ecosystem service literature as a sub-set of 
biophysical structure or process, de Groot et al. 2010) providing 
ecosystem services (cf. Chapters 5.1, 5.2; Fig. 5). 
 
Table 3. Component processes of a comprehensive ecosystem biogeochemical model 
(Waring & Running 2007) 
Energy balance  
 
Short-wave radiation balance (incoming-outgoing) 
Long-wave radiation balance (incoming-outgoing) 
Sensible heat flux 
Latent heat flux 
Soil  heat flux 
Water balance 
 
Precipitation partitioning  
Canopy and litter interception and storage 
Soil surface infiltration 
Soil water content 
Subrooting zone outflow 
Hill slope hydrologic routing 
Evaporation 
Transpiration  
Carbon balance 
 
Photosynthesis, gross primary production 
Maintenance respiration 
Growth respiration  
Photosynthesis storage 
Net primary production 
Carbon allocation  
       Leaves, stem/branches, roots, defensive compounds, reproduction 
Phenological timing 
       Canopy growth/senescence 
       Litterfall of leaves, turnover of  stems and roots 
Decomposition 
Net ecosystem production 
Elemental balance  
 
Sources (atmosphere, rock weathering biological fixation) 
Soil solution transformation 
Immobilization, nitrification, denitrification 
Mineralization 
Root uptake 
Tissue storage 
Internal recycling  
Volatilization 
Leaching 
Export through harvesting and erosion 
  43 
 
Waring & Running (2007, p. 7, following Rastetter 1996) 
underline, that “ecosystems, because of their dynamic and 
interconnected properties, cannot be subjects to classic 
experimentation where one variable at a time is modified. 
Computer simulation models of ecosystem behavior offer a 
valuable experimental alternative because they allow 
multivariate interactions to be traced and analyzed. Models can 
predict responses to new conditions that do not yet exist. For 
example, computer simulation models can predict how stream 
discharge may respond to harvesting in a watershed and 
identify possible flood problems before any logging commences. 
Similarly, they have been the primary means for evaluating 
potential responses of natural ecosystems to future climate 
change”. The latter type of model simulations have been done, 
for example, in case of boreal forest in Finland (Kellomäki & 
Väisänen1997). As is concluded later (Ch. 6.3), joint biophysical 
and human-ecological models are needed for the improved and 
integrated management of ecosystem goods and services. 
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4. Definitions of ecosystem 
goods and services 
4.1 A MULTITUDE OF DEFINITIONS 
“Ecosystem services are the benefits people obtain from ecosystems” 
is a concise definition of the Millenium Ecosystems Assessment 
(MA 2005a). There is a common agreement that ecosystem 
services (ES) refers both goods and services (MA 2005a). 
Ecosystem goods are material (tangible) “products” and ecosystem 
services “non-material” (non-tangible) “products” of ecosystems. For 
clarity we here sometimes use the precise name ecosystem 
goods and services.  
One of the earliest definition by Daily (1997) saw from a wide 
ecological perspective ecosystem services “as the conditions and 
processes through which natural ecosystems, and the species that make 
up them, sustain and fulfill human life”. 
In the same way, a recent collective definition of “Salzau 
Message” (Burkhard et al. 2012) concluded that “ecosystem 
services (ES) are the contribution of ecosystem structure and function 
– in combination with other inputs – to human well-being”. 
Fisher et al. (2009) propose that “ecosystem services are the 
aspects of ecosystems utilized (actively or passively) to produce human 
well-being. The key points are that 1) services must be ecological 
phenomena and 2) that they do not have to be directly utilized. 
Defined this way, ecosystem services include ecosystem 
organization or structure as well as process and/or functions if 
they are consumed or utilized by humanity either directly or 
indirectly.” 
Criticizing often loose, multiple and competing meanings of 
the term ecosystem services, Boyd & Banzhaf (2007) consider the 
definition of services from the point of environmental 
accounting and propose that this should focus on final services. 
  45 
 
They “offer a definition of such services that is objective, rather 
than qualitative, and rooted in both economic and ecological theory.” 
They see as the virtues of their definition that it constrains, and 
thereby standardizes units of ecosystems account, establishes 
priorities to data collection and save data gathering costs. 
Their definition of final ecosystem services is as follows: 
“Final ecosystems services are components of nature, directly enjoyed, 
consumed, or used to yield human well-being (Boyd & Banzhaf 
2007). Being “directly” consumable means that final ecosystem 
services are end-products of nature. 
The final services should be kept separated from the 
intermediate products that are used to produce other goods. It is 
however important to notice that in some context a certain 
service can be a final ecosystem service, but in another context it 
is an intermediate product/service contributing to the 
production of some other final service. 
4.2 CONTEXT DEPENDENCE OF THE DEFINITIONS 
As seen above, the discussions how to delineate and 
define ecosystem goods and services seem to some extent at 
least be related to the purposes where definitions are meant to 
be used. Two major arenas are classification of ecosystem goods and 
services and economic valuation of ecosystem goods and services (see 
Palmer & Filoso 2009, Ojea et al. 2012) but the definition is also 
related to the analysis of the “production processes” of ecosystem 
services. 
The need for the delineation between ecological phenomena 
(functions), their direct and indirect contribution to human 
welfare (services), and the welfare gains they generate (benefits 
to human beings) is in all essence among the core problems of 
defining in a consistent way the ecosystem goods and services. 
However, this may not mean that the definitions for different 
purposes should be the one and the same. For example, there 
may be differences in the viewpoints of the social and natural 
46   
 
sciences in regard to the definition, because of their traditional 
focuses. 
Economic valuation is traditionally focused on decision 
making and policies. Pagiola et al. (2004) suggested that there 
are four main reasons for ecosystem service valuation that are 
responding to different policy questions: 
1) Valuation of total flow of benefits from ecosystem services. 
This approach is used for example in national accounts 
context to define how much the ecosystems are contributing 
to economic activity. 
2) Net benefits of a policy or project that alter ecosystem 
conditions. This approach differs from the earlier, because it 
values the changes in the ecosystem service flow rather than 
the total value of flows. 
3) Distribution of the costs and benefits from ecosystems. 
Pagiola et al. (2004) state that asking ‘how valuable is an 
ecosystem?’ also begs the question ‘how valuable to whom?’. 
The benefits provided by a given ecosystem often fall 
unequally across different groups. Ecosystem uses which 
seem highly valuable to one group may cause losses to 
another. Answering the question from the aggregate 
perspective of all groups (as is often the case in economic 
analysis) would thus give very different answers to 
answering it from the perspective of a particular group. 
4) Identifying the potential financing sources for the ecosystem 
conservation. Understanding the distribution of costs of 
benefits is also important when considering how to mobilize 
funds for conservation (Pagiola et al. 2004). 
 
Although not discussed further on here, it may be that even 
in the above cases of economic valuation for policy purposes, 
there may appear need to modify the definition of ecosystem 
services to some extent, to be able to respond the specific 
situations. 
Bateman et al. (2011) divides the valuation of ecosystem 
services roughly to the two categories: ’sustainability analyses’ 
and ‘programme evaluation’. The first mentioned is typically 
  47 
 
valuation or assessment of the stock of the ecosystem services, 
and the latter is focused on the valuation of the flow of 
ecosystem services (UK NEA 2011). However, sustainability 
analysis can also be broader than monitoring the physical 
changes of the stock, when all the four dimensions of 
sustainability (economic, ecological, social and cultural) are 
taken into account. This connects sustainability analyses to the 
sphere of ecosystem indicators. 
Balmford et al. (2011) also emphasize the decisive role of final 
ecosystem benefits (end products of their beneficial ecosystems 
processes which are distinct from their core ecosystem processes) 
but indicate that it may be necessary to place value on those 
beneficial ecosystem processes, such as climate regulation, having 
impacts on many benefits (food, drinking water, water for 
irrigation) rather than separately on each benefit – provided that 
care is taken to minimize double counting. 
A conclusion can be drawn, that the definitions planned to 
serve environmental accounting (bringing ecosystem services as 
a part of – or at least comparable to – the National account 
figures), in particular needs to be strictly defined according to 
the principles and logic of the System of National Accounts 
(SNA). However, economic valuation have also other purposes 
to assist decision making or planning, and often context specific 
definitions are needed. 
The context dependence of definitions in regard to 
classification services are not considered here, although the next 
chapter (4.3) also a bit illustrates that question as well. Similarly, 
all the rest chapters 5, 6, 7, 8 and 9 deal also to some extent with 
aspects of the definition, thereby sometimes reflecting the 
context specific definition needs. However, the mainstream 
should be the clear and widely accepted general definitions for 
ecosystem goods and services. Under this general conceptual 
framework, the context dependence ideally should only mean 
the possibility for some modifications, which are required to 
respond reasonably and operationally to the specific needs in 
question. 
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4.3 DEFINITIONS IN RECENT INTERNATIONAL AND 
NATIONAL DEVELOPMENT CONTEXTS 
The Common International Classification of Ecosystem 
Services (CICES; Haines-Young & Potschin 2011) can be seen as 
the third larger scale effort after Millenium Ecosystems 
Assessment (2005a) and The Economics of Ecosystems and 
Biodiversity (TEEB 2010) in the international research front. The 
purpose of CICES – as also seen in Chapter 8.2 – is to propose a 
standard classification of ecosystem services, which would both 
be consistent with accepted categorizations and 
conceptualizations and allow the easy translation of statistical 
information between different applications. An important aim of 
the system is to serve environmental accounts (Haines-Young & 
Potschin 2011). 
For the purposes of CICES (Haines-Young & Potschin 2011, 
2012) ecosystem services are defined ”as the contributions that 
ecosystems make to human well-being. They are seen as arising from 
the interaction of biotic and abiotic processes and refer specifically to 
the ‘final’ outputs or products from ecological systems. That is the 
things directly consumed or used by people”. Importantly, 
these ’final’ ecosystem services are beneficiary dependent; this 
dependence is central to any effort to categorize services. 
So far the most well-known national ecosystem service 
assessment of the United Kingdom (UK NEA 2011) defines that 
“the final ecosystem services are the outcomes from ecosystems 
that directly lead to good(s) that are valued by people”. The full 
value is not just from the ecosystem, but depends on the 
addition of inputs from society (other capital inputs) and the 
value is often context dependent. The final value of the good(s) 
is, therefore, attributable to both the ecosystem and human 
inputs. 
One can see that the way term ‘good(s)’ above is used is 
different from the earlier “convention” suggesting that ecosystem 
services mean both ecosystem goods and services. Goods in UK 
NEA (2011, Mace & Bateman 2011) include ”all use and non-use, 
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material and non-material outputs from ecosystems that have 
value for people”. 
About ‘goods‘, Mace & Bateman (2011) emphasize that their 
“use of the term goes well beyond the narrow view of goods 
simply as physical items bought and sold in markets and, hence 
possessing market prices which in some (potentially distorted) 
form reflect their value... the UK NEA concept of goods also 
include well-being items which either partly or wholly embody 
ecosystem services, but have no market price (e.g. open access 
for recreation). Furthermore... the concept of goods also includes 
a range of non-use values associated with those ecosystem 
services which generate well-being in the absence of any direct 
use (e.g. knowledge that remote, yet valued, ecosystems are 
being preserved...) ... Note also that we include within this 
deliberately broad term ‘goods’ whose value we do not see any 
realistic prospect for monetizing, such as the spiritual 
dimensions of the environment... Indeed, the term is merely 
used as shorthand for ‘good things’, whose presence yields well-
being and whose absence lowers that well-being”. 
This is a comprehensive definition, covering simply every 
outputs of ecosystems which do matter and can reasonably be 
included into the analysis relevant for choices and decision 
making. The next steps of UK NEA framework for ‘goods’ 
(Mace & Bateman 2011) include positioning it in the context of 
well-being (cf. Chapter 8.5 here) in regard to a generic value 
typology by environmental philosophers (considering non-
anthropocentric instrumental and intrinsic values less directly 
relevant to the UK NEA initiative). In Finland, Oksanen (2012) 
in his book on environmental philosophy provides for wide 
discussion on anthropocentrism and non-anthropocentrism. 
Components of value are further divided into two Individual 
well-being values (Economic and Health) and Shared well-being 
values (Shared social value) each having their own metrics (£, 
+/- and O /O) and discussion on how these measurement and 
evaluations can be found or done (Mace & Bateman 2011, UK 
NEA 2011). All this builds up a logical framework, which seem 
to offer a solid and communicative platform for assessing and 
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valuing the overall significance of ecosystem goods and services 
in inclusive, interdisciplinary and innovative way. The 
innovation is in the way how already established concepts and 
tools of ecology, economics, philosophy (ethics) and social 
sciences are designed to form a simple, open and therefore an 
attractive architecture. 
However, adopting “goods” to represent both material and 
non-material ecosystem services may cause semantic problems, 
at least in shorter terms. One derives from the fact that 
“ecosystem services” were originally meant to mean both 
“services” and “goods” from nature. Now it looks to be turned 
the other way round. Conceptually, even if not perhaps meant 
to be so in practice, “ecosystem goods” could substitute 
“ecosystem services” just when people are learning to know that 
the latter also means “goods”. 
As Mace & Bateman (2011) notes, the traditional distinction 
between goods as tangible, material products (berries, fish) and 
services as non-tangible, “immaterial” products (landscape, 
microclimate) is deep rooted in economics and in many other 
fields. Besides being instrumental in characterising the 
traditional features of both type of products this “conventional 
distinction” is useful in demonstrating the components of 
important product development, where value added is often 
obtained by attaching services to goods and vice versa (e.g. 
Mantau et al. 2001). This is related to the fact that “pure” 
physical goods and “pure” immaterial services make the 
continuum. 
Of course, “good(s)” has also a general meaning to cover 
both physical things and non-tangible services, although not 
very commonly used. However, a more instrumental connection 
is related to such key concepts in economics and politics as 
“public goods”, “the common good” and nowadays almost 
forgotten “merit goods”, where services in one form or another 
are included and may even be their major content. In that sense 
the change actually has its arguments. Taking into account the 
present English terminology related to goods and services, 
(where we may not be the best advisers) it indeed seems to be 
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logical to even have “ecosystem goods” as an alternative 
aggregated term for ecosystem goods and services5. 
The major issue anyway is that to communicate effectively 
the major categories of (now) ecosystem services to people it is 
perhaps advisable most often use the full name “ecosystem 
goods and services”. 
Bateman et al. (2011) make distinction between benefit and 
good. The idea is the goods benefit people, but the amount of the 
benefit is context dependent. So the price of the good and the 
benefit are not always equal. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                     
5  In Finnish language the first synonym to good(s) as a physical thing is 
“tavara” meaning very concrete man made product for sale, available 
abundantly in shops, which sounds a bit unworthy when related to ecosystem 
services or goods. The plural form of “goods” refers also to “hyödykkeet”, 
which is derived from Finnish words meaning “utility” or “benefit” and is 
better. In economic terminology “hyödykkeet” refers to “commodities”, which 
however often means both goods and services. In all, “ecosystem goods” as 
opposite to “services” does not translate well into one word in Finnish. It 
requires often adjective “material” (“aineellinen”) before a “thing”, “product” 
or “benefit” if one wishes to avoid to translate the worthy term “good” to 
“unworthy” “tavara”.  
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5. Conceptualizations of the chain 
from ecosystems to ecosystem 
services and human benefits 
5.1 A GENERAL VIEW 
Perry et al. (2008, p. 30-31) give a demonstration on the 
ecosystem functions and services provided by forests (Fig. 4), 
along with the state and stochastic factors that influences those 
outputs. Canopies clean the air stream by raking natural 
substances and pollutants from it; canopies also moderate 
climate by transpiring water and absorb heat energy. By 
modulating the rate at which water moves through soil and 
modifying its chemistry, forests abate floods and clean the water 
flowing into streams and aquifers. 
State factors refer to the more permanent environmental 
factors prevailing in the location of the ecosystem such as soils, 
topography, climate and the composition of the biotic 
community, largely determining the structure and processes of 
the forest ecosystem and its interactions with atmosphere and 
water ecosystems. One can see that the state factors are not static 
(as topography and parent materials are) but include climate 
which even without human influence may vary a lot during the 
growing season and between seasons causing annual variation 
in biological production. However, the range of variation is 
usually well-known. 
Stochastic factors are irregular but when they occur they may 
more or less significantly change the existing patterns and 
processes of the ecosystem. They are either natural disturbances 
or human induced (Groffman et al. 2004, Perry et al. 2008). Fire 
can be caused by a lightning, by carelessness of hikers or it can 
be a purposeful tool for forest management. Ecosystems 
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management refers to those human interventions which are 
planned to improve the sustainable production of the goods and 
services of the ecosystem. In forest ecosystem management the 
key activity is to regulate the density and species composition of 
trees to promote the target functions and services. In case of 
degraded ecosystems, the management means more 
fundamental attempts to restore the capacity of the ecosystem. 
 
 
Fig. 4. The influence of state and stochastic factors on the functions and services of 
forest ecosystem (from Perry et al. 2008, as adapted from the original of Groffman et al. 
2004) 
 
Although both interventions base on same ecological 
knowledge they also meet a bit different challenges. For 
example, after examination of several unsuccessful ecological 
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restoration designs typically based on structural features of 
ecosystems, Palmer & Filoso (2009) emphasized such a focus on 
restoring processes that support ecosystem services of interest. 
In addition, they call for direct measurements of biophysical 
processes or surrogate measurements that have been shown to 
dependably represent the functions that support a suite of 
services (process-based responses). The use of simple proxies to 
evaluate restoration success or a bundle of ecosystem processes 
has been demonstrated to be false in many ecosystems. At the 
same time, Seppelt et al. (2011), however, noted that a common 
approach to ecosystem service assessment is to use proxy 
variables, particularly land cover, to represent ecosystem 
processes and provide maps of ecosystem service. 
Burton & Macdonald (2011) recognizes the many motivations 
and methods for forest restoration in different forest zones of 
the world. Their research statistics show little (only 2 %) 
mention of boreal or sub-arctic forest restoration, assuming 
reasons for that being their widespread persistence as wild 
forests, low human population level, or little public demand. 
5.2 ECOSYSTEM FUNCTIONS AND SERVICES IN THE 
“CASCADE“ MODEL 
In the production of ecosystem goods and services the 
ecosystem functions have been given a specific role. De Groot 
(1992) has defined ecosystem functions as “the capacity of natural 
processes and components to provide goods and services that satisfy 
human needs, directly or indirectly”. 
Functions are the subset of biophysical structures and 
processes that provide services (de Groot et al. 2010), as can be 
seen in Fig. 5. 
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Fig. 5. The pathway from ecosystem structure and process to human well-being as a 
‘service cascade’ (de Groot et al. 2010, adapted from Haines-Young & Potschin 2010a 
and Maltby 2009) 
 
In the pathway from ecosystem structure and process to 
human well-being – as TEEB 2010 suggests (Fig. 5) – “functions” 
are distinguished from ecological structures and processes to 
present the potential the ecosystems have to deliver a service. 
Primary production (=process and a supporting service in MA 
2005a) is needed to maintain a viable fish population (= function), 
which can be harvested to provide food (=service). The next step 
in “cascade model” (Fig. 5) is benefits which people get from 
these end products. 
In another example nutrient cycling (=process and a supporting 
service in MA) is needed for water purification (=function) to 
provide clean water (=provisioning service). The benefits of these 
services are many (food: nutrition, pleasure; clean water can be 
used for drinking or swimming) when there are beneficiaries to 
enjoy the benefit (de Groot et al. 2010). 
Clearly delineating between ecological phenomena 
(functions), their direct and indirect contribution to human 
welfare (services), and the welfare gains they generate (benefits 
to human beings) (de Groot et al. 2010) makes it finally possible 
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that economic value based on the benefits can be found (market 
price for food; willingness to pay-based value for protection). 
However, another possibility to classify the above mentioned 
ecological processes and ecosystem services could be based on 
the idea intermediate and final ecosystem services and the 
goods that benefit people (Bateman et al. 2011). In this case the 
primary production is intermediate service, maintaining viable fish 
population is final service and the fish as food is good. The goods 
usually require some human capital input before they can be 
beneficial for people. 
Another example could be water quality. Nutrient cycling that 
enables the water quality regulation is an intermediate service and 
water quality regulation itself is a final ecosystem service. The 
product of good water quality regulation, clean water, is an 
important input for many material or non-material ecosystem 
goods. 
5.3 ABOUT VALUATION 
The final stage in the “cascade model” (Fig. 5) is valuation. 
Monetary values make it possible to compare ecosystem goods 
and services with each other and with market products, with the 
services of the other ecosystems, or with other economic 
activities in the framework of National / Regional 
Accounting. The careful and logical identification of and 
distinction between ecosystem functions, services (final or 
intermediate), benefits and their economic values is particularly 
important to prevent double counting in economic valuation or 
in ex ante impact assessment where double counting could 
change the ranking of alternative policy scenarios. 
Finding economic “price tag” for non-market goods and 
services allows one to carry out cost-benefit analyses for 
ecosystem improvement investments or land use decisions. 
Together with biophysical and technical information it will also 
provide for the study of the biological, economic and social 
development potential the ecosystems may have, for example in 
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the form of potential production and value chains which 
perhaps can be based on ecosystem services. The benefits of 
properly done economic valuation are no doubt many. 
However, economic valuation is not the only neither final 
way to assess societal importance of ecosystem services and 
their benefits, there are many other meaningful ways to assess 
important things and choices (TEEB 2010). 
In this connection it is useful again to refer to the wider 
framework of the “components of value” that UK NEA (2011) 
has adopted. The study emphasizes that while some values can 
be measured using monetary valuation, certain kind of benefits 
to people from ecosystems are not measurable through 
quantitative economic approaches. Therefore additional well-
being measures ‘health’ (as an individual value like ‘economic 
value’) and ‘shared social values’ (representing ‘shared well-
being value’) were defined. 
Restricting only to final outputs (in order to avoid double-
counting in environmental accounting and similar purposes) 
may sometimes result in biased contribution of certain 
ecosystems particularly if the intermediate services provided 
that ecosystems are finally utilized in other ecosystems or 
sectors. As emphasized earlier, what is final ecosystem service 
or intermediate ecosystem service is context dependent. For the 
valuation purposes the final ecosystem services are often 
enough, but for the sustainability analyses, for example, the role 
and sometimes the value of the intermediate services must also 
be recognised. 
Furthermore, restricting to final outputs does not necessarily 
eliminate the basic causes of double counting (Fu et al. 2011): 
poor understanding of ecosystem complexity, inadequate 
recognition of exclusiveness and complementarities of 
individual ecosystem services, and finally spatio-temporal scale 
dependence of ecosystem services. 
Intermediate services can predominate in particular 
ecosystem components; failure to recognize their contributions 
and value may lead to misguided policy. On the other hand, as 
has been made clear above, summation of ecosystem service 
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values for both intermediate and associated final services is also 
misleading, because it double counts the contribution of the 
intermediate services to welfare (de Groot et al. 2002). 
For a fair valuation of ecosystem services, both the separation of 
final ecosystem services from underpinning processes and the 
accounting for other capital inputs is necessary. However, due 
consideration should also be given for recognition and 
accounting for the productive roles of intermediate ecosystem 
services in contributing to the value of finals products of other 
sectors. This contribution may often remain hidden in the search 
of full appreciation of the benefits ecosystems provides to the 
economy and society at large and at different levels of 
aggregations. 
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6. Considerations of the 
production and management of 
ecosystem goods and services 
6.1 THE ROLES OF ECOSYSTEM STRUCTURE AND 
FUNCTIONING IN THE MANAGEMENT 
By maintaining and managing ecosystems human actors 
wish to keep the availability of ecosystem goods and services as 
they are or change their composition or volumes to meet better 
the needs for these services. Goods and services are products of 
ecosystem functioning, which is controlled by the structure of 
ecosystem. As already discussed in Chapter 3, the core of the 
ecosystem functioning consists of the energy uptake and flow, 
the cycle of nutrients and other matter, and the cycle of carbon 
and water globally in the biosphere and locally in sites 
(Kellomäki 2009). 
Kellomäki (2009) suggests that functioning produces 
provisioning services (e.g. wood, non-wood products, water), 
whereas structure produces regulating and cultural services 
(e.g. climatic regulation, flood and erosion regulation, disease 
regulation and aesthetic, spiritual and recreational services). 
Ecosystem goods represent the direct use of the materials and 
resources forming the ecosystem structure or their use for 
manufacturing different goods. Ecosystem goods fall in the 
categories representing (i) inorganic matter (C, N, CO2, H2O 
etc.), and (ii) organic matter (proteins, carbohydrates, lipids etc. 
produced by plants in primary production (forming organic 
matter from inorganic matter), and in secondary production 
(micro- and macro-organisms consuming primary production) 
(Kellomäki 2009). 
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Ecosystem services include the indirect use of the ecosystem 
structure to modify the properties of the environment for: (i) 
reducing impacts of factors representing energy in radiation, 
heat, mechanical forces (wind, snow load and gravity (e.g. 
landslide)), noise etc.; (ii) enhancing the environmental health 
through controlling chemicals and particles in the atmosphere 
(e.g. air impurities, CO2 to atmosphere); (iii) enhancing the 
amenity of the environment and creating a functional 
environment for different human activities and for maintaining 
the cultural heritage; and (iv) maintaining and conserving the 
ecosystem functions and biodiversity (Kellomäki 2009). 
The production of goods and services is based on the 
management making the ecosystem at a given site to function in 
such a way that it creates a structure optimal for producing 
desired goods and services. For example, in regard to forests, 
the site refers to a spatial unit occupied by trees and other forest 
vegetation. In this context, the core of ecosystem structure is 
diversity of genotypes occupying a site. 
Formally, according to Kellomäki (2009) production (P(i,j)) is 
based on the interaction between environment (E(j)), and 
genotype (G(i)): )()()()(),( jEiGjEiGjiP  
In more concrete terms, we can take climate change as an 
example of the change in environment. The trees live long 
making the production cycle in forestry to extend over decades 
and thus vulnerable to climate change. In this context, 
management aims at optimizing the genotype/environment 
interaction to avoid harmful impacts of climate change but still 
to satisfy production needs. 
This occurs by controlling the long-term functional and 
structural development of forest ecosystems (succession) to 
make them to produce the goods and services determined in the 
management goals. The physiological and ecological 
performance of tree populations (and populations of other 
species) is directed to produce such ecosystem structures which 
are needed in producing the specified goods and services aimed 
at management (Kellomäki 2009).  
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This kind of approach seems to be in line of avoiding what 
UK NEA (2011) has observed “that people tend to intervene or 
manage ecosystems to influence the delivery of final ecosystem 
services. Intermediate ecosystem services and ‘ecosystem 
processes’ underpin the final ecosystem services, but are not 
directly linked to good(s) and are less often the focus for 
management. In fact, ecosystem processes are often 
inadvertently affected by management for final ecosystem 
services, sometimes with deterious consequences“. 
6.2 INTERACTIONS AND TRADE-OFFS 
Important factors related to the structures of the ecosystems 
as well as their biological diversity and diverse production 
possibilities are the interactions within species and between 
species of the ecosystems. The interactions within species is 
largely related to competition for growing space while the 
interactions between species include many other forms of 
interactions, comprising all the complexity of the biological web 
(Perry et al. 2008, p. 216-241). 
Interactions among individual organisms of different species 
give an example of the multitude of the existing relationships. 
These interactions can be broadly grouped into four categories: 
eating or being eaten, competition for resources, cooperation 
and no direct interaction. Table 4 illustrates these cases in more 
detail (Perry et al. 2008, p. 220). 
However, interactions may change from one type of 
interaction to another depending on circumstances. For 
example, certain moths prey on plants when larvae (a + / - 
interaction) but pollinate the very same plants when adults (a + / 
+ interaction) (Perry et al. 2008, p. 220). 
Haila (2010) includes a survey on the importance of the 
symbiosis as a close co-existence of different organisms. A 
relatively new finding is the existence of endosymbiosis, which 
bring mutual advantage for the both parts, of which one lives 
inside the other. For example, it has been found that the primary 
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life supporting process, phosynthesis, is based on 
endosymbiosis. The chloroplasts inside the cells of the leaves of 
green plants live their own life-cycles at the same time when 
they through photosynthesis provide a reliable energy sources 
for the host plant. Haila (2010) sees that the essential dynamic 
characteristic of symbiotic relationships is flexibly adapting 
stability, which enlarges the life activities of the organisms both 
in time and space. 
 
Table 4. Interactions between two species (Perry et al. 2008, p. 220, slightly modified) 
Type of 
interaction 
Species 1 Species 2 Nature of interaction 
Predation + - Eat outside 
Parasitism + - Eat inside   Symbiotic 
Competition - - Both species suffer 
Amensalism +/- 0 Other unaffected 
Mutualism + + Both species gain Symbiotic 
Commensalism + 0 One gain, other unaffected 
Neutralism 0 0 Neither affect each other 
 
According to Haila (2010) a kind of “pre-stage” of the 
symbiosis is related to the opportunity of a niche construction. 
Following Odling-Smee et al. (2003), Haila (2010) explains it as a 
self-strengthening circle formed between the environmental 
change caused by an organism and the adaptive evolutionary 
change of the organism itself, in which biological evolution 
leads into the stabilization of new organism-environment 
entities. 
Haila (2010) suggests that these two concepts – symbiosis and 
niche construction – do not only describe the interactions 
between different organisms in the ecosystems but can also seen 
as analogies of the mechanisms how people during the history 
of a mankind, has been able to provide new opportunities – new 
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ecosystem services – for their survival and growth. Interactions 
and symbiotic relationships prevail between the domestication 
of wild plants for cultivation and domestic animals for different 
purposes. A dog, the oldest domestic animal, has probably 
sought nutrition and shelter from predators and people had to 
learn to take care and use it. People have actively sought plants 
for cultivation but at the same time had to discover new 
methods to grow these (Haila 2010). 
An economic angle towards the varying relationships and 
trade-offs between different forest (ecosystem) goods and 
services has been included into the traditional and prevailing 
research on the multiple use of forests (as it was named in the 
USA in the 1950s) or multifunctional forestry (as the concept is 
called in Central Europe) (Saastamoinen 1982, Riegert et al. 
2010). In the Nordic countries it became a permanent research 
topic in the early 1970s. Multiple-use forestry and research can 
provide a considerable amount of research results and field 
experiences, which can be used to support the management of 
forest ecosystem goods and services (Saastamoinen et al. 1984, 
Hytönen 1995, Kangas & Kokko 2001). 
The trade-offs between different goods and services are 
everyday in all kind of production planning. One typology used 
in the research on multiple-use forestry to characterize the 
physical relationships between different products 
(Saastamoinen 1984) originates from agricultural production 
economics (Heady 1952). It includes the following categories: 1. 
joint production in (a) fixed proportions, or (b) variable 
proportions; 2. competitive independent products with (a) 
constant, or (b) increasing rates of substitution; 3. 
complementary products; 4. supplementary products; and 5. 
antagonistic products. Antagonistic or exclusive products 
cannot be combined in the same area. In fact it represents the 
extreme case of competitive independent products (to be added 
to the original listing above), i.e. 2(c) decreasing rates of 
substitution. 
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6.3 PRODUCTION FUNCTIONS AND JOINT PRODUCTION 
Joint production is a concept meaning that several goods 
(wood, mushrooms) and services (habitat, landscape) are 
produced in one (here forest) ecosystem due to their biological 
diversity and complexity. A single product or service can still be 
the objective of economic production, or due to social 
incombatability of certain services (strict nature reserve vs. 
commercial logging). Different forms of joint production in 
multiple use forestry can be characterized by the prevailing 
product (or goods and services) relationships (as above in 
Chapter 6.2). At landscape level not only joint but also 
antagonist products can find their own separate areas (spatial 
management) or alternative periods of occupying sites 
(temporary adjustment) organized so, that the landscape and its 
ecosystems meet the needs of the society. Forest (ecosystem) 
planning and land use planning are among the tools to organize 
in practice the optimal or acceptable joint production and 
management of ecosystem goods and services at different 
spatial levels. The discovery of the combinations are often 
sought and found by the means of economic analysis and 
participatory political processes. 
Biophysical or technical relations between ecosystem services 
and the biophysical processes and ecosystem features that 
produce services are called biophysical models or ecological 
production functions. These production functions and models 
bridge the work of biophysical scientists studying ecosystems 
with social scientists engaged in developing valuation methods 
for ecosystem services (Daily et al. 2009). One may add here, 
that the full understanding of the production functions requires 
also the careful examination of those factors which are the 
results of human inputs. This is not only for the proper 
management and regulation of the production of ecosystem 
goods and services. It is also needed for recognition of the real 
share of human inputs – sometimes significant, sometimes 
minimal, but hardly ever non-existent (Chapter 7.3) – for 
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accounting the true share and value of the functions of the 
ecosystems. 
Boyd & Krupnick (2009) applied production theory to the 
analysis of ecosystem goods and services by describing 
ecosystems as collections (system) of commodities (inputs and 
outputs) linked by a range of biophysical processes. Any natural 
process (or biophysical production function), by definition, 
transforms a set of biophysical inputs into a different set of 
biophysical outputs. A given biophysical commodity (dual 
commodity) can simultaneously be both an input and an 
endpoint. They argue that biodiversity is one example of dual 
commodity: it is an endpoint when related to existence values. 
But it is also an intermediate commodity (input) when related to 
its functional role. 
Boyd & Krupnick (2009) furthermore stress that 
decomposition of nature (environmental quality) into more 
precise environmental commodities (inputs and endpoints) is 
desirable for more interpretable economic valuation and for 
improved policy relevance of valuation. 
Kremen (2005) notes that although ES are generally 
understood to be properties of whole ecosystems or 
communities, the functions that support them often depend on 
particular populations, species, species guilds or habitat types. 
Thus, the analysis of functional traits has emerged as an 
important area of research into understanding how ES are 
generated (Haines-Young & Potschin 2010a). A functional trait 
has been defined as ”a feature of an organism (or a group of 
organisms) which has demonstrable links to the organism’s 
function (i.e. its role in the ecosystem or its performance)”. 
There is a growing consensus that functional diversity can have 
important consequences for ecosystem processes. So-called 
”narrow processes” (sensu Schimel & Gulledge 1998), like 
nitrification, are performed by a small number of key species. 
Other processes (e.g. decomposition) are dependent on a wider 
range of organisms. The role of functional groups and traits has 
been analyzed widely in soil ecosystems (see Haines-Young & 
Potschin 2010a). 
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A major challenge is to identify the mechanisms and 
processes (energy flow, material cycles) which each ecosystem 
employ in transforming its physical (abiotic, non-living) inputs 
and biotic (living) parts – through different stages and often 
together even with other ecosystems – to produce beneficial 
outputs which can be defined and recognized as ecosystem 
services. And a parallel challenge is to find the ways these 
mechanisms and processes can be directed and controlled. In 
short, how ecosystems can be managed so that a sustainable and 
beneficial (if not optimal) flow of ecosystem goods and services 
can be provided for the society and its stakeholders. 
Ecology and basic sciences (genetics, biochemistry) together 
with applied ecological sciences (wildlife, limnology, soil 
science) and more production oriented sciences (agricultural, 
forestry, fishery and animal sciences) have increasingly 
produced scientific knowledge and understanding how 
agricultural lands, forests, peatlands, aquatic and other 
ecosystems can be used for sustainable production of the large 
variety of useful products and services necessary for human life 
and progress. 
This knowledge provides a wide variety of biophysical and 
human-ecological models and production functions which 
facilitate the development of and the transition to more 
diversified (and finally more integrated)  ecological and human-
ecological production functions to be used for improving the 
potential benefits of ecosystem goods and services. 
The production of goods and services is based on the 
manipulation (management) of the structure of the (say) forest 
ecosystems to make them function as is desired.  
Two examples illustrate the management practices. If one 
wishes to maximize total carbon intake from the atmosphere 
and carbon stock in forest ecosystem (carbon in trees and in soil) 
during a rotation of 100 years, one should avoid even light 
thinnings. However, different combinations of carbon 
sequestration and (income from) wood production exist and 
their profitability depends on their relative prices (Garcia-
Conzalo 2007). 
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Miina et al. (2010) studied economic optimization of the joint 
production of timber and bilberries in Finland. Compared to 
timber production, joint production led to longer rotations.  
higher thinning intensities and more frequent thinning. It was 
more profitable in pine forests with abundant bilberries than in 
spruce forests. 
6.4 ABOUT COMPETITION AND TRANSBOUNDARY 
INFLUENCES 
The recent research on the interactions between species at 
different trophic levels has somewhat altered the existing views 
on the major organizing forces in nature. 
Based on several works during past two decades Perry et al. 
(2008, p. 232-234) conclude that “many ecologists now agree that 
while competition for resources undoubtedly occurs (at least in 
some trophic levels), the notion that it is the major organizing 
force in nature is overly simplistic. The current view is best 
described as the recognition that ecological communities are 
complicated, variable, and with a structure that is shaped by 
many interacting environmental and biotic factors in addition to 
resource competition”. 
“Natural ecosystems are seldom, if ever, studied in sufficient 
detail to really understand the complex relationship that define 
the ecological web. …Certainly, the higher-order interactions 
are poorly understood and represent one of the frontiers of 
ecological research in the 21st century” (Perry et. 2008, 235).  
 As a general rule, interactions extend across space and 
ecosystem boundaries. In one of the better-documented 
examples of transboundary influences Knight et al. 2005 (cited 
by Perry et al. 2008, p. 235) described how fish contribute to 
plant reproduction. Dragonflies prey on insect pollinators of 
certain plants; fish eat dragonflies, which relieve predation 
pressure on pollinators. Consequently, plants near bonds with 
fish are visited more often by pollinators and are less pollen 
limited than plants near fish-free ponds. It is an example of a 
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trophic cascade, in which one trophic level influences non-
adjacent trophic levels (Perry et al. 2008, p. 234-235). 
This is an important aspect in countries like Finland, where 
agroecosystems, aquatic ecosystems, peatland and forest 
ecosystems are always bordering and interacting with each 
other although the patterns and scales of interactions differ 
regionally (as Fig. 2 on land uses demonstrates). 
Jonsson et al. (2011) recognize in the context of northern 
primeval forests how since early nineties there has been a 
manifest change in favor of studying how local phenomena are 
related and connected to the landscape context. A population in 
a forest patch is connected to other patches by immigration and 
emigration of individuals; what happens in this patch thus 
depends of events and processes that originate from outside the 
patch, namely the landscape context. 
It may be added that the research on primeval forests, their 
biodiversity, natural disturbances and post-disturbance 
successions present gap models, the other major group of 
modeling forest dynamics mentioned earlier (Waring & 
Running 2007), providing management means to increase 
naturalness in both production and protected forests (Jonsson et 
al. 2011). 
In relation to the cascade model (Fig. 5), the fundamental task 
is to understand the mechanisms that link ecological systems to 
human well-being (Haines-Young & Potschin 2010a). 
Furthermore, it is essential to identify the extent to which 
various mechanisms and elements can be managed or controlled 
by human actions (Waigner & Mazzotta 2011). Their advice for 
model building is: “do not model changes in the ecological 
outcome only as a function of uncontrollable natural conditions. 
Rather, seek a connection to something that a manager can 
change.” 
In agroecological systems soil properties and choice of 
cultivated plants are the major management tools while in 
peatland or inland water ecosystems the management tools are 
less intensive and may mainly relate to preventing or 
minimising external disturbances, maintain or improve the 
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quality of water or in case of rivers and lakes the involvement 
into the fish population structures. In forest ecosystem, the trees 
and other plants as well as measures related to soils are the 
major management tools. 
However, speaking more generally, one may recognize that 
management/manipulation actions seem for all ecosystems to be 
quite challenging as dynamic (specifically multi-trophic) 
interactions between organisms still need to be better 
understood. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
70   
 
7. The human touch and 
ecosystem services 
7.1 A DISCUSSION 
All the definitions considered earlier (Ch. 4) largely agree 
upon what was  formulated in the core definition of MA (2005a): 
ecosystem services are the benefits people obtain from ecosystems. A 
recent book with collection of articles on ecosystem services in 
Finland and elsewhere (Hiedanpää et al. 2010) got a title which 
can be translated as “Useful nature”. The concept is 
anthropocentric. It emphasizes all the good things – material 
and non-material – people can in different ways derive and 
enjoy from the variety of ecosystems for their welfare and well-
being. 
However, as was reflected earlier, much less unanimity is 
found in regard to the roles of human inputs in the definitions 
of ecosystem goods and services. Therefore, for example, 
Maynard & Cork (2011) recognize the need to develop some 
method of weighting to indicate the relative strengths of the 
different kinds of capital input to each product and activity. 
Haines-Young & Potschin (2010a) suggest that this requires 
development of ‘production functions’ so that the inputs from 
humans and ecosystems can be assessed. 
Similarly, in the UK NEA (2011) in their presentation of 
‘goods’ (Ch. 4.3), Mace & Bateman (2011) emphasize that an 
important distinction is drawn between the overall value of a 
good and the portion of that value that can be attributed to 
relevant final ecosystem service. It is clear, that the value of a 
good which only can be produced by applying major inputs of 
manufactured and/or human capital to some ecosystem service 
cannot be attributed solely to that service. 
  71 
 
In the development of the South East Queensland (SEQ) 
Ecosystems Services Framework in Australia, a care was taken 
to develop a classification that solely identifies the ecosystems 
performing functions and having potential to provide services 
with no human capital input. For example, the service 
‘recreation’ as identified in the MA (2005a) was considered to 
require human inputs such as equipment, machinery etc. 
However, when ecosystems provide services such as 
‘recreational opportunities’, regardless of whether equipment or 
machinery is available to utilize it, the opportunity still exists. 
According to Johnston & Russell (2011), to identify an 
ecosystem service, one must track biophysical outcomes to the 
point where they are just combined with human production 
activities. This is stated similarly by Brown et al. (2007, p. 337), 
“it is important to note that the production of ecosystem goods 
and services requires no inputs of labor or built capital.” 
Johnston & Russell (2011) state that there is a tendency in the 
literature to overlook this guideline, and define the results of 
human production as final ecosystem services. This perhaps is 
due to the fact that market products are often more easily 
valued than final ecosystem services. 
The avoidance of human touch in the ecosystem services 
often is related to cultural services. Boyd & Banzhaf (2007) claim 
that ecosystem services should be defined (strictly) as ecological 
phenomena, meaning that cultural and scenic values should be 
excluded from the classification of ecosystem services. Similarly, 
the services which are directly linked to or interact with human 
activity such as recreation (through tourism industry) or timber 
production (through forestry) should not be considered as 
services from ecosystems. The main reason for this argument is 
that non-natural inputs are included in the provision of the 
service (e.g. labour, technology etc.; Boyd & Banzhaf 2007). 
Boyd & Banzhaf (2007) justify this distinction as they are 
interested in the services of ecosystems that are purely 
contributing to national accounting and thus increasing GDP. 
On the other hand, according to Ojea et al. (2012) if the 
intention is not purely to identify and value the ecosystem 
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services contributing to GDP, there is no reason for excluding 
cultural services. It can be argued that cultural values, such as 
recreation and scenic beauty, may be determined by ecological 
phenomena. The latter point is no doubt true. What concerns the 
inclusion (or exclusion) of cultural services such as recreation 
and scenic beauty into (or from) the classifications of ecosystem 
services should not be made to be dependent on whether they 
can be attached or not into national accounting. Ecosystem 
services are the benefits people get from the ecosystems. 
Recreation and scenic beauty are among the most widely 
experienced benefits of nature for people everywhere. These 
(and other cultural services) should be included into 
classifications of ecosystem services. For the same reason these 
are the attractions why people engage into nature tourism, as 
also Ojea et al. (2012) refer in their example case. 
Landscape values of touristic sites contribute to the creation 
of local or national tourism income and employment. In Finland, 
it can be assumed that nature-based tourism (“conventionally” 
defined) provides roughly a quarter of all tourism income and 
the same or a bit more of employment (Koivula et al. 2005, 
Harju-Autti 2011, Petäjistö & Selby 2012). However, these 
figures mainly tell what kind activities (value chains, albeit not 
complete) can be based on the attraction of nature. Commercial 
tourism income contains some minor elements (like land rents 
of touristic sites or annual amortization of investments to get 
land property for tourist buildings and other activities; so far in 
Finland  only some cases  of payments for state  forest 
organization for landscape management exist) which reflect the 
landscape value of ecosystem services. Nature tourism has 
brought values of “unproductive forestry land” (Table 1, Fig. 2) 
high and hedonic pricing has no doubt a place among the tools 
to catch the “component value” of ecosystem services in nature 
based tourism. It will include some items from tourism income 
(as indicated above) but also items not found therein. The 
distinctions between ecosystems and human inputs, in the 
contexts this needs to be done, are not easily made operational. 
As stated by Fisher et al. (2009), “Benefits are typically 
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generated by ecosystem services in combination with other 
forms of capital like people, knowledge, or equipment, e.g., 
hydroelectric power utilizes water regulation services of nature 
but also needs human engineering, concrete, etc.” 
Costanza (2008), referring to another yet related distinction 
between intermediate and final services, says that it is 
necessarily arbitrary and ambiguous. For example timber is very 
rarely directly consumed as a final good (an exemption being 
firewood collected by households). More often it is processed as 
an intermediate input in several processes (utilizing various 
other inputs) before ending to final consumption. 
7.2 HOUSEHOLD PRODUCTION THEORY AND LEVELS OF 
RECREATION EXPERIENCE 
At other end of the debate, adopting the household 
production theory (Becker 1965), even market goods (e.g. 
firewood) and free time are not desired for their own sake but 
rather as inputs in the production of utility generating (often 
non-observable) basic commodities (e.g. housing comfort). 
Bockstael (1995) provided the household production (time 
allocation) motivation for the common economic recreational 
demand modeling with travel cost method. In outdoor 
recreation, (non-observable) recreational experiences will result 
from combining attractive environmental setting, purchased 
inputs and household time.  
Typical recreational demand modeling can be made 
consistent with the overall time allocation model either by 
viewing visits to the site as an essential input in the production 
of the recreational experience or by interpreting the visits 
themselves as basic commodities that have constant marginal 
costs (Bockstael 1995). In the first case (level 1), one is actually 
estimating derived (input) demand for recreational visits. Thus, 
even in the case of cultural (recreational) services, economic 
theory does not necessarily support the interpretation of 
recreational visits as final services. It may be that the concept of 
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derived demand could provide some new insights for the 
difficulties in differentiating between intermediate and final 
services and avoiding double-counting in valuation. 
Adopting the behavioral approach of social psychology to 
recreation (developed originally by Driver & Brown 1978 and 
further elaborated by Tyrväinen et al. 2008), one can propose 
that recreational ecosystem services could be specifically 
defined as the attractiveness of the environmental recreational 
setting, which forms the level 2 in a hierarchy of demand for 
outdoor recreation. This suggestion seems to consistent with the 
logic of ecological endpoints defined by Boyd & Krupnick (2009) 
as ”a subset of biophysical outputs that directly enter firm or 
home production” (as inputs in addition to household’s 
possessions and labor/time). One may note, that Boyd & 
Krupnick (2009) chose to avoid the ecosystem services term 
altogether because it is used in such different ways. 
In early outdoor recreation research, activity-oriented 
approach was predominant and considered direct experiences 
of the activities (level 3 in the hierarchy, i.e. satisfaction of an 
activity need) as essential benefits of outdoor recreation. 
However, the most recent outdoor recreation research, 
according to Tyrväinen et al. (2008), has focused also on the 
potential, desired psychological outcomes of participating in 
recreational activities. Within this approach motives (motivation 
domains and scales) and needs have mainly been studied and 
listed (e.g. Manning 1999). The recreational benefits as 
contributions to the well-being of an individual (level 4 in the 
hierarchy) are often not consciously reflected and have only 
been addressed in recent years. This hierarchical view has also 
important implications for the measurement and indicator 
development, as different levels require different measurement 
approaches (e.g. Tyrväinen et al. 2008). We acknowledge, 
however, that the explicit link and relationship between the 
attractiveness (pull) and motivations (push) is still poorly 
known. In any case, it is important to notice the current 
recreational and cultural values of ecosystems are diverse and 
multilayered, as emphasized by Tyrväinen et al. (2008). 
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7.3 HUMAN INPUT VARIES BETWEEN MAJOR CATEGORIES 
OF SERVICES 
To summarize the discussion above (Chapters 7.1, 7.2) and 
earlier (in particular Chapters 2.2, 3.1, 3.3, 4.1, 4.3, 5.2, 5.3, 6.3), 
we suggest that the roles of human actors and ecosystems 
(nature) in the production of ecosystem services can be 
generalized in the following broad ways. 
 
1) In the supporting services the broad nature (biosphere, 
geosphere, atmosphere, powered by sun and facilitated by 
gravity) works “alone” or almost “alone”. All other services 
are dependent on supporting services. As life on earth 
would be impossible without these services, they cannot be 
substituted. Their value can perhaps be best described by 
saying – as often done – that it is indefinite. Yet a significant 
part of that value is caught by other categories of ecosystem 
services. 
2) In regulation and maintenance services ”the ecosystem” can be 
seen as “an active actor/producer” and human influence and 
input is usually – but not always – small. It concerns 
maintaining, regulating, restoring and directing the 
processes and functions, which generate these services. 
Sometimes, for example in flood control, the man made 
constructions and ecosystem services may work in 
complementary way. In some cases, the man-made 
constructions can entirely substitute the latter (e.g. flood 
regulation when ecosystems are degraded). In other cases, 
perhaps no or only minimal direct human inputs are 
needed. 
3) In provisioning ecosystem goods and services the ecosystems 
and their processes are largely controlled and modified by 
human actors and sometimes the ecosystems are to a large 
extent essentially transformed by human actors. The 
production periods of products varies from some months in 
agriculture to several decades (in boreal forests up to over 
one hundred years). There can be considerable human 
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inputs in agriculture, much less yet varying between 
intensive and extensive management in forestry and 
sometimes also in fishery. Yet outcomes are biological 
products. The human actors are more or less active 
managers, but the ecosystems do make the biological 
production, which is influenced by stochastic factors outside 
human control. However, not all biological production is 
under direct management, e.g. berries and other non-wood 
products. And trees know how to grow even without 
human advice – but a decision of leaving areas outside any 
human influence is a management decision. 
4) In cultural ecosystem services it is mainly the human being 
which creates the service related to the characteristics of 
ecosystem. The role of ecosystems is more or less “passive”. 
Cultural services can sometimes be created and produced by 
an individual and a group independently from others and 
often the creation/production and consumption are 
organically one on-site experimental process. It may 
continue off-site in different ways in the minds, memories 
and archives of the individuals or group. But in the larger 
context, cultural services have been and are formed – as the 
overarching contents of the term culture  suggest – alongside 
the cultural evolution and are products and reflections of 
that development. At the level of entire cultures a variety of 
ecosystems, or their separate sites or individual components 
have become the inherent symbols of national or sub-
national identity and values. Many cultural services can be 
maintained, shared, communicated and distributed in 
several ways, by cultural institutions, including commercial 
ones. 
 
Besides the noted principal differences among the roles of 
nature’s and human inputs between these major groups of 
ecosystems services, there are a wide amplitude of similar 
variation occurring within the individual goods and  services in 
each major groups. 
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8. Observations on ecosystem 
service classifications, 
interconnectedness and well-being 
8.1 ABOUT CLASSIFICATION OF ECOSYSTEM SERVICES 
Ecosystem services have been categorized in a number of 
different ways, including by: 
- functional groupings, such as regulation, carrier, habitat, 
production, and information services (Lobo 2001, de Groot et 
al. 2002); 
- organizational groupings, such as services that are associated 
with certain species, that regulate some exogenous input, or 
that are related to the organization of biotic material 
(Norberg 1999); and 
- descriptive groupings, such as renewable resource goods, 
nonrenewable resource goods, physical structure services, 
biotic services, biogeochemical services, information services, 
and social and cultural services (Moberg & Folke 1999). 
 
Several authors have noted the serious, remaining difficulties 
arising in making the classifications of ecosystem services 
operational (Haines-Young & Potschin 2010a). 
Maynard & Cork (2011) is one of the papers comparing 
several ecosystem service classification frameworks – four 
classifications in Australia and three more general international 
(MA 2005a, TEEB 2010 and the Common International 
Classification of Ecosystem Services; Haines-Young & Potschin 
2010b). 
They identified four key areas where there is divergence in 
the interpretation and classification of ecosystem services. These 
are: a) the need to connect ecosystem processes and functions to 
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ecosystem services, b) the definition of ecosystem services, c) 
which ecosystem services should be incorporated into the 
classification, and d) the nature of the ecosystem services 
classification system. It is recognized that these key areas are 
interrelated. In Australia, in particular the system of SEQ 
(Maynard & Cork 2010) was developed with strong engagement 
with communities and other stakeholders. 
For the purposes of ecosystem service assessment the 
boundaries of ecosystems were defined primarily on structure 
and process (with other criteria secondary). Those ecosystems 
with similar characteristics were further grouped into what 
became 32 Ecosystem Reporting Categories, founded on the MA 
Reporting Categories and not dissimilar to the CICES categories 
(Maynard et al. 2010). 
In all 19 ecosystem functions, the biological, geochemical and 
physical processes and components that take place or occur 
within an ecosystem and are necessary for the self-regulation of 
ecosystems (but may or may not provide benefits to people), 
were identified. The potential benefits people obtain from these 
functions (ecosystem services) were assessed without human 
capital inputs to the system. Although Maynard et al. (2010) did 
not use the terms ‘intermediate and final services’, Supporting 
Functions in their categorization were considered as 
underpinning all other functions. They stressed the need to 
clearly define between Supporting Functions, other functions 
(Provisioning, Regulating and Cultural Functions) and the 
services they provide to avoid double counting. 
The identification and classification of ecosystem services 
may also benefit from the study of the different features 
characterizing the feature and formation of the services. For 
example, the typology by Kremen (2005) in Table 5 attempts to 
detail some of the ecological characteristics of the ecosystem 
services. 
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Table 5. A typology of ecosystem services and their ecological characteristics (Kremen 
2005)  
 
Service Ecosystem 
service 
providers/ 
trophic level 
Functional units Spatial 
scale 
Potential to 
apply this 
conceptual 
framework 
for ecological 
study 
Aesthetic, 
cultural 
 
 
All biodiversity 
 
 
 
Populations, 
species, 
communities, 
ecosystems 
Local-
global 
 
 
Low 
 
 
 
Ecosystem 
goods 
 
 
Diverse species 
 
 
 
Populations, 
species, 
communities, 
ecosystems 
Local-
global 
 
 
Medium 
 
 
 
UV protection 
 
 
Biogeochemical 
cycles, micro-
organisms, plants 
Biogeochemical 
cycles, functional 
groups 
Global 
 
 
 
Low 
 
 
 
Purification of 
air 
 
 
 
 
Micro-organisms, 
plants 
 
 
 
Biogeochemical 
cycles, 
populations, 
species, 
functional groups 
Regional-
global 
 
 
 
 
Medium 
(plants) 
 
 
 
 
Flood 
mitigation 
Vegetation 
 
Communities, 
habitats 
Local-
regional 
Medium 
 
Drought 
mitigation 
Vegetation 
 
Communities, 
habitats 
Local-
regional 
Medium 
 
Climate 
stability 
Vegetation 
 
Communities, 
habitats 
Local-
global 
Medium 
 
Pollination 
 
 
 
Insects, birds, 
mammals 
 
 
Populations, 
species, 
functional groups 
Local 
 
 
 
High 
 
 
 
Pest control 
 
 
 
 
Invertebrate 
parasitoids and 
predators and 
vertebrate 
predators 
Populations, 
species, 
functional groups 
 
Local 
 
 
 
 
High 
 
 
 
 
Purification of 
water 
 
 
 
 
 
Vegetation, soil 
micro-organisms, 
aquatic micro-
organisms, 
aquatic 
invertebrates 
Populations, 
species, 
functional groups, 
communities, 
habitats 
 
Local-
regional 
 
 
 
 
 
Medium to 
high 
 
 
 
 
 
Detoxifica-
tion and 
decompo-
sition of 
wastes 
 
 
Leaf litter and soil 
invertebrates, soil 
micro-organisms, 
aquatic micro-
organisms 
Populations, 
species, 
functional groups, 
communities, 
habitats 
 
Local-
regional 
 
 
 
 
 
Medium 
 
 
 
 
 
 
Soil 
generation 
and soil 
fertility 
 
Leaf litter and soil 
invertebrates, soil 
micro-organisms, 
nitrogen-fixing 
plants, plant and 
animal production 
of waste products 
Populations, 
species, 
functional groups 
Local 
 
 
 
Medium 
 
 
 
Seed 
dispersal 
 
Ants, birds, 
mammals 
 
Populations, 
species, 
functional groups 
Local 
 
 
High 
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Before the ongoing mainstreaming of ecosystem services 
approach, there has been several ways to analyse the 
interdependence between nature and environment. For 
example, within the framework of natural resource and 
environmental economics Perman et al. (1999) analyzed four 
environmental functions connecting economy and the 
environment: 1) resource base to firms, 2) amenity services to 
households, 3) waste assimilation services to firms and 
households, and the interactions between them. The fourth 
function was the provision of the life support services. 
Possibilities of substitutions for environmental services were 
discussed. For example, recycling substitutes for environmental 
functions in two ways by, first, reducing the demands for the 
waste sink function and, secondly, reducing also the demands 
for the resource base function. 
Using forests as an example Perman et al. (1999) also listed 
ten potential forest outputs assigning also each output to one or 
more of the above categories and analysing the economic 
features of the outputs (Table 6). 
 
Table 6. Forest outputs and their characteristics (Perman et al. 1999). (R=Resource, 
A=Amenity, L=Life Support, W=Waste assimilation, F=Firms, H=Households, 
D=Divisible, ND=Non-divisible, E=Excludable, NE=Non-excludable, M=Marketed, 
NM= Non-marketed) 
Output Service Users Divisibility Excludability Marketed 
Harvested 
timber 
R 
 
F 
 
D 
 
E 
 
M 
 
Standing 
timber 
A 
 
H 
 
ND 
 
NE 
 
NM 
 
Minerals R F D E M 
Flora R, A, L F, H D, ND E, NE M, NM 
Fauna R, A, L F, H D, ND E, NE M, NM 
Flood 
protection 
L F, H ND NE NM 
Water 
quality 
W, A, R F, H D, ND E, NE NM 
Soil 
protection 
L, R 
 
F 
 
ND 
 
NE 
 
NM 
 
Local 
climate 
L 
 
F, H 
 
ND 
 
NE 
 
NM 
 
Carbon 
fixation 
W, L 
 
F, H 
 
ND 
 
NE 
 
NM 
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In their comparative study Maynard & Cork (2011) 
concluded that a recent debate over the nomenclature of 
ecosystem services has led to recommendations that the social 
purpose or decision context of a policy question should dictate 
the choice of ecosystem service classification systems: whether it 
is for economic valuation or communication to a diverse group 
of stakeholders and policy actors. The SEQ Framework similar 
to MA (2005a) followed this broader framework. 
8.2 THE COMMON INTERNATIONAL CLASSIFICATION OF 
ECOSYSTEM SERVICES (CICES) 
The Common International Classification of Ecosystem 
Services (CICES) was proposed in 2009 as a way of naming and 
describing ecosystem services. It arose from the work of the 
European Environment Agency to develop land and ecosystem 
accounts (Haines-Young & Potschin 2011). 
It is s widely recognized that CICES nowadays represents the 
most concentrated effort at the European level to continue the 
classification work of Millenium Ecosystem Assessment (2005a) 
and its economic extension study The Economics of Ecosystem 
and Biodiversity (TEEB 2010). CICES is also related to the work 
of UN Committee of Experts on Environmental-Economic 
Accounting under the Statistics Division of Department of 
Economic and Social Affairs of the United Nations. The first 
CICES Version (V1) – “Proposal for a Common International 
Classification of Ecosystem Services CICES for Integrated 
Environmental and Economic Accounting” (Haines-Young & 
Potschin 2010b) – was introduced in the report to the European 
Environment Agency (EEA) in 2010. 
The introduction of CICES in its version 4 (Haines-Young et 
al. 2012) is as follows: “In line with the MA 2005a, for the 
purposes of CICES, ecosystem services are defined as the 
contributions that ecosystems make to human well-being. They 
are seen as arising from the interaction of biotic and abiotic 
processes, and refer specifically to the ‘final’ outputs or products 
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from ecological systems. That is, the things directly consumed or 
used by people. 
Following common usage, the classification recognizes these 
outputs to be provisioning, regulating and cultural services, but 
it does not cover the so-called ‘supporting services’ originally 
defined in the MA. The supporting services are treated as part of 
the underlying structures, process and functions that 
characterize ecosystems. Since they are only indirectly 
consumed or used, and may simultaneously facilitate the output 
of many ‘final outputs’, it was considered that they were best 
dealt with in environmental accounts, in other ways. 
CICES V4 has a five level hierarchical structure (section – 
division – group – class – class type). The more detailed class 
types makes the classification more user-friendly and provides 
greater clarification on what ecosystem services are included 
within each class. The sections refer to provisioning, regulating 
and cultural services, which allow to include some of the 
supporting services within the lower level categories (Haines-
Young et al. 2012). 
The still somewhat evolving categories have targets to serve 
1) ecosystem service mapping and assessment and 2) ecosystem 
service accounting. In V4 the difference is that the former 
include an additional “column” “Class type”, which brings the 
more general and not always easily accessible categories to the 
more concrete levels (Haines-Young et al. 2012). 
The most recent development of CICES is found in paper by 
Haines-Young & Potschin (2012) which included some 
modifications to CICES V4 to become CICES Version 4.1 
(September 2012). 
CICES is meant to be a multipurpose and flexible scheme. 
Haines-Young & Potschin (2012) emphasize, that beyond 
economic accounting “there is nothing on the design of CICES 
that would prevent it supporting social, moral and aesthetic 
forms of assessments. Indeed physical accounting (i.e. physical 
measurements of service outputs) may even be sufficient in 
many decision contexts”. This certainly holds true. The physical 
accounting, which has long traditions in forestry and some other 
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natural resource areas, has formed the backbone for assessing 
the sustainability of the resource use and management. 
8.3 BIOPHYSICAL INTERCONNECTEDNESS OF THE 
ECOSYSTEMS 
Interconnectedness has become a key phrase of modern 
times, but has characterized the courses of evolution and natural 
history since the life appeared. Ecosystems of nature are 
connected in numerous ways with each other and their physical 
environments. The following common observations and 
examples of the biophysical interconnectedness and interactions 
between the four ecosystems can been found. 
The ecosystems have joint natural and evolutional history as said 
above and to some extent discussed in Chapter 2.1. They are 
spatially connected and form the mosaic of ecosystems as 
illustrated in the map (Fig. 2). They have been interacted which 
each other through the land use changes as demonstrated in 
Chapter 2.2. 
They have functional connections through, among other 
things, water and nutrition cycles. For example, the functions of 
brook and river ecosystems are strongly dependent on 
surrounding terrestrial ecosystems. The influence is largest in 
small upper-course brooks and decreases when river grows 
larger. Finnish streamwaters are featured by humus contained 
water and route-water characteristics. The lakes in route-waters 
break the continuation of rivers, which is reflected in the fauna 
of rivers (Muotka et al. 2004). 
Border surfaces of terrestrial and water ecosystems are areas, 
where water or aquifers are connected with soil, sediments and 
air (Kairesalo & Hartikainen 2004). These kinds of 
transformation and interaction areas are typically shorezones of 
seas, lakes and rivers, bottom and surface sheets as well as 
wetland areas such as mires, flood meadows and springs. They 
compose a varying mosaic spatially and temporally, which are 
modified by numerous microbes, plants and animals. Many 
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ecosystems are genuine examples of interconnectedness. Mire is 
defined briefly as a synthesis of water and soil (Päivänen & 
Hånell 2012). Referring to the alternative delineations between 
peatland and forests in Finland (Table 1) one conclusion might 
be that the borderline indeed is drawn into water. Waterflow in 
its different forms is among the most important processes in the 
border zone. Similarly, humus substances can be regarded as one 
central factor connecting terrestrial and aquatic ecosystems 
(Kairesalo & Hartikainen 2004). When being formed, humus 
substances are very resilient against microbiological 
decomposition, but they have a very central role in many basic 
activities of the soil, such as water and temperature economy 
and nutrition dynamics (Kairesalo & Hartikainen 2004). 
A lot is known about the roles of trees and other plants in 
regulating waterflow and their impacts on water quality 
(Kairesalo & Hartikainen 2004, Mannerkoski 2012). Similarly, 
the influence of soil-living animals, such as earth worms, on soil 
structures and nutrition availability of plants and on water 
quality are known. In addition the microbes have in different 
ways direct and indirect impact on waters of the soil. For 
example, the nitrogen reactions are almost entirely controlled by 
microbes, which also has a decisive role in regulating the forms 
of appearance and transportation of heavy metals, both harmful 
and those being nutrition for plants (Kairesalo & Hartikainen 
2004). However, the joint influences of plants and the microbes and 
fauna of the soil on the quality of water flow are still poorly 
known. 
In general, border zone ecosystems, although often small, are 
usually regarded very important for biodiversity, in particular 
in agriculture (Tiainen et al. 2004b, Tarmi & Bäckman 2004, 
Vepsäläinen 2011) and are often in need of specific management 
to maintain the multiple benefits of their own and for the 
bordering ecosystems they connect. 
Although regionally determined the local and in particular 
micro climate is partially but in different ways modified by local 
ecosystems. Occurrence and strength of wind, maximum and 
minimum daily temperature (spring frost), relative humidity 
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and other sensitive micro-climate factors may be temperated or 
accelerated by the existence or lack of certain composition of 
local ecosystems (Mannerkoski 2012). 
Millenium Ecosystem Assessment (MA 2005a) states that 
ecosystem boundaries are necessarily arbitrary to some extent 
and boundaries can and do overlap especially at larger scales. 
As an example, given the importance of forest-water 
interactions, the report suggests to be helpful to analyze an area 
dominated by forest land cover as a single ecosystem even if it 
contains some freshwater and agricultural areas within it, since 
this allows for a more holistic analysis of these interactions (MA 
2005a, p. 53). 
As a scientific and operational concept ecosystem is flexible 
and can be defined in spatial scales from microlevels up to global 
scales (major biomes of the world). Scaling includes the 
hierarchical structure of one type of ecosystem (e.g. from a 
group of trees to a nationwide forest-ecosystem – admittedly 
being an administrative one) to a boreal ecosystem zone 
crossing the borders of countries (in Eurasia) or continents (all 
boreal forests). Similarly aggregation or disaggregation can be 
done for a group of different ecosystems (as in our case water-, 
peatland, forest- and agricultural ecosystems) from a local 
landscape level to global one. 
At all different levels the old saying “nature knows no 
borders” holds true and is the fundamental adhesive of bio-
physical interconnectedness of the ecosystems. 
8.4 INSTITUTIONAL INTERCONNECTEDNESS AND 
INTEGRATION NEEDS 
Land-ownership institutions vary between countries and 
cultures and change slowly. As mentioned earlier, in Finland 
traditionally the private ownership of agricultural land and 
forest land (what includes peatlands) has gone hand in hand. A 
feature distinct from some other countries is that ownership of 
shorelands of lakes and rivers provides authority to the aquatic 
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ecosystems or their services as well (Hollo 2004a). The number 
of farmers (or their now urban descendants) around one lake 
can vary from some to several hundreds in case of large lakes. 
But, in principle, even at the “small-owner level” there is an 
ownership-based institutional interconnectedness and some tradition 
as well as room for integrated management of ecosystems. 
Into this institutional setting of Finland two stakeholder 
aspects needs to be added. There are about half a million summer 
cottages located mainly on the shores of lakes, owners of which 
also have authority to the lakes on the basis by owning their 
small plots (and ecosystems). The other stakeholder group is 
still larger, consisting of the all citizens. Due to the traditional 
common rights, or Everyman’s rights, everybody has an access to 
visit the ecosystems and enjoy some of the ecosystem services of 
forest, waters, peatlands and open fell areas of the north. 
Everyman rights allow a free access to walk forests and 
peatlands (including private forests, not too close to the houses), 
swim and boat along the water courses, including limited 
fishing by simple means, and rights to collect some of nature’s 
products, most importantly berries and mushrooms. These 
rights are not only for the citizens of the country but also for 
tourists or migrants (www.environment.fi/everymansright). 
Air pollution crosses all the borders. All ecosystems and their 
services share – although in a variety ways – the global 
environmental threads and pressures, besides air pollution, risks 
of thinner ozone layer, impacts of pesticides, soil contamination, 
desertification, water scarcity and biodiversity losses. Many of 
these are interwoven with the most urgent global environmental 
challenge of present and future decades – anthropogenic climate 
change. This future emphasizes the interconnectedness of the 
ecosystems with the large array of socio-economic systems, 
including local, national and global economies (with their own 
food web of primary, secondary and tertiary industries) and the 
structures of multilevel governance in the varying sectors. 
In all, the institutional interconnectedness is not less 
complicated than ecological. Besides economic and political, the 
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socio-economic systems include social and cultural structures 
and processes at different spatial and organizational levels. 
However, although the national, sub-national, administrative 
or ownership borders split the ecosystems, in many 
organizational levels of the human community there are 
national, bilateral and international attempts and institutions for 
reducing the problems of fragmentation of the ecosystems and 
promoting landscape level or other larger scale management 
and integration across the borders (Hollo 2004b, Kettunen et al. 
2012). In particular, this is important within the countries where 
fragmentation is due to a long history of small and medium 
scale ownership structures, for example in agriculture and 
forestry. Integration is a growing arena within and between the 
sector policies (in agriculture, forestry and water management) 
everywhere. Needs for cooperation and integration have  been 
among the drivers to form  multi-level and multi-stakeholder 
governance structures within and in particular between the 
nation-states. The strong biophysical and institutional ties 
between different ecosystems, on one hand, and the economic, 
technical and cultural connections between ecosystems and 
social systems, on the other, create an imperative for the 
continuation and strengthening the recent attempts for 
integrated governance and management of these complex 
interactions and processes. 
As stated earlier (Ch. 1), the Convention on Biological 
Diversity (CBD 2009) is continuously advocating the ecosystem 
approach as a strategy for the integrated management of land, 
water, and living resources that promotes conservation and 
sustainable use in an equitable way. Application of the 
ecosystem approach involves a focus on the functional 
relationships and processes within ecosystems, attention to the 
distribution of benefits that flow from ecosystem services, the 
use of adaptive management practices, the need to carry out 
management actions at multiple scales, and intersectoral 
cooperation. CBD (2009) has emphasized that “The ecosystem 
approach remains a useful normative framework for bringing 
together social, economic, cultural and environmental values. 
The needs are to translate this normative framework into 
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methods for further application which are tailored to the needs 
of specific users.” 
One may anticipate that ecosystem services can provide an 
adequate approach to meet the needs of translating the EA 
framework to respond better the demands for specific users and 
uses. This is supported not only by the rapidly growing research 
on ecosystem services but also increasing research and policy 
interface arenas around the topics, often initiated as a 
networking forms between researchers but then broadening 
their  fields of communication.   
Recently, a new science-policy platform “Intergovernmental 
Platform on Biodiversity and Ecosystem Ecosystem Services6 
(IPBES)” has been established to become “the leading 
intergovernmental body for assessing the state of the planet's 
biodiversity, its ecosystems and the essential services they 
provide to society”. 
At the national level there are a number of established 
approaches aiming for better integration of natural resources 
and ecosystem services, although from different institutional 
and sector-based traditions. For example, in Finland the 
traditional land use planning procedures, environmental impact 
                                                     
 6 The 'Intergovernmental Platform on Biodiversity and Ecosystem Services' 
 IPBES was established in April 2012, as an independent intergovernmental 
 body open to all member countries of the United Nations. The background of 
 the platform is as follows: “Biodiversity from terrestrial, marine, coastal, and 
 inland water ecosystems provides the basis for ecosystems and the services 
 they provide that underpin human well-being. However, biodiversity and 
 ecosystem services are declining at an unprecedented rate, and in order to 
 address this challenge, adequate local, national and international policies need 
 to be adopted and implemented. To achieve this, decision makers need 
 scientifically credible and independent information that takes into account the 
 complex relationships between biodiversity, ecosystem services, and people. 
 They also need effective methods to interpret this scientific information in 
 order to make informed decisions. The scientific community also needs to 
 understand the needs of decision makers better in order to provide them with 
 the relevant information. In essence, the dialogue between the scientific 
 community, governments, and other stakeholders on biodiversity and 
 ecosystem services needs to be strengthened.”  
 (http://www.ipbes.net/about-ipbes.html) 
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analysis (furthering to social impact analysis), water use 
planning (nowadays based on EU Water directive), multiple use 
management as a part of sustainable forest management, are in 
principle consistent with the ecosystem approach and support 
its application in various sectors or biomes (MA 2005a, Primmer 
& Furman 2012, Kettunen et al. 2012, Saastamoinen 2012)7. 
8.5 ECOSYSTEM SERVICES AND WELL-BEING 
Finally, it is important to recall that ecosystem services are 
basically conceptualized through their contributions and links to 
human well-being. 
The concepts and conceptualizations of well-being are 
numerous. Within the fields of ecosystem services research and 
policy planning UK NEA (2011) provides a well-thought 
benchmark. It is based on inclusive statement of “well-being” 
representing a shared understanding of its meaning within a 
policy context, developed with collaboration of other 
departments and stakeholders (Defra 2007): 
“Wellbeing is a positive physical, social and mental state; it is 
not just the absence of pain, discomfort and incapacity. It 
requires that basic needs are met, that individuals have a sense 
of purpose, that they feel able to achieve important personal 
goals and participate in society. It is enhanced by conditions that 
include supportive personal relationships, strong and inclusive 
communities, good health, financial and personal security, 
rewarding employment, and a healthy and attractive 
environment. Government’s role is to enable people to have a 
                                                     
7 The final task of the project to consider Policy and decision making (P), in 
particular, “to investigate alternative collaborative governance models which 
allow appropriate scale of management and coordination for trade-offs 
[between ecosystem services] when interactions require that”. “Taking into 
account the complexities inside the existing policy arenas of the ecosystems 
and the need for more holistic approach, incremental and pragmatic policy 
changes work better for than a reform oriented approach” (ESPAT research 
plan 30.11.2011). 
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fair access now and in the future to the social, economic and 
environmental resources needed to achieve wellbeing. An 
understanding of the effect of policies on the way people 
experience their lives is important for designing and prioritizing 
them” UK NEA (2011). 
In Australia, Maynard et al. (2010) for SEQ Framework 
reviewed and synthesised earlier work and ended up to 15 
constituents of well-being appropriate in an affluent society 
such as Queensland: Breathing (E), Drinking (E), Nutrition (E), 
Shelter (E), Physical health (H), Mental health (H), Secure and 
continuous supply of services (S), Security of person (S), 
Security of health (S), Secure access to services (S), Security of 
property (S), Family cohesion (GSR), Social cohesion (GSR), 
Social and economic freedom (FCA) and Self-actualisation 
(FCA). The capital letters refer to following MA (2005a) 
categories of well-being: E= Existence, H=Health, S=Security, 
GSR=Good Social Relations, and FCA=Freedom of Choice and 
Action. 
When ecosystem services will be valued and measured 
through environmental-economic methods, multicriteria 
methods, ecosystem indicators or by biophysical approaches, it 
is useful to keep in mind not only the complexities of 
ecosystems, ecosystem services or biodiversity but also similar 
intricacies of the socio-economic realities and cultural 
perceptions of the society and its members. The future 
symbiosis of the two organically connected world systems of 
complexities is not hindered by these complexities, but rather 
some existing institutions, policies and practices offering too 
narrow and simplistic solutions. 
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9. Choices in regard to the definitions 
and conceptual approaches taken in 
this synthesis study 
9.1 UNDERSTANDING VARIETY 
Some differences of the definitions and conceptual 
approaches found in literature seem to be due to the variety of 
disciplinary traditions, e.g. in the case of ecological sciences vs. 
economics (Boyd & Banzhaf 2007). Some may be due to the 
“ecosystem coverage” of definitions (if only natural biological 
ecosystems are included the definition is different from those 
including man-made or even geosystems). 
In some cases – as seen (Ch. 4) – the differences of definition 
may directly be due to the application purposes. For example, 
the local level cost-benefit analysis may allow more site specific 
definition of ecosystem services while (inter)national 
environmental accounting requires strict and precise definitions 
following  broadly accepted standards. 
Eventually, some differences may reflect variations in the 
“value orientations” within the societies or simply been 
generated from fact that even within single sciences there are 
several legitimate schools of thoughts having different 
theoretical traditions.  
Neither one should forget that the large variety of 
geographical, economic and ecological realms where definitions 
are meant to be applied, have their impacts, too. A very specific 
definition may work well in specific situations, but not 
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necessarily elsewhere. Definitions need to be context dependent 
within a reasonable range. 
Definitions may also be influenced by the international 
institutional backgrounds, although in this regard variation is 
not so large. In one form or another many of the 
conceptualization studies have been influenced or inspired by 
the processes related to the Convention of Biological Diversity 
(CBD). The Millenium Ecosystems Assessment was designed to 
meet the needs of the Convention on Biological Diversity, 
among other users (MA 2005b). As stated earlier, another 
mainstream engine has been the development of “new” 
disciplines of ecological and environmental economics. 
A conclusion from above is that special emphasis should be 
given – and in fact is given – to those definitions developed in 
broad interdisciplinary and international collaboration. The 
massive scale, engagement, geographical and disciplinary 
coverage of Millenium Ecosystem Assessments (MA 2005a) are 
in their own class but considerable interdisciplinary and 
international collaboration have characterized the later 
processes as well, such as TEEB (2010), CICES (2009-) and 
Salzau process (2012). This kind of organized collaboration 
usually means that most if not all above aspects causing 
definitional variation have been present, balancing each other so 
that the resulting differences are relatively minor. 
9.2 CHOICES TAKEN IN THIS STUDY 
In the following, the major standpoints taken so far in this 
study in relation to the conceptual variation and considerations 
found in the reviewed literature are given. These points are 
guided by our understanding of the literature and what is 
thought to be best applicable to the ecological and socio-
economic context of the boreal environment and Finnish society. 
For the most important standpoints the reasons and arguments 
are given within this list. 
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1) We use the concept “ecosystem good and services” 
systematically together with “ecosystem services” to 
emphasize the significant role of tangible ecosystem goods 
alongside non-tangible services in our national context. 
2) We will recognize explicitly the hybrid forms of goods and 
services, where a final product is an “organic” composition of 
the two in varying proportions (picking berries for household 
purposes include recreational experiences). One common 
strategy in product development for added value is to 
improve the ‘total product’ by combining or bundling goods 
and services. 
3) Following the “mainstream” we include “man-
made” ecosystems and their goods and services such as 
originated from “open air” agroecosystems. We recognize the 
importance of “urban” ecosystem services, although the 
scope of our synthesis excludes urban ecosystem services as 
such. However, urban forests and shores of lakes are 
included, as their infrastructure development is modest 
compared to urban parks, and their services otherwise do not 
much differ from near-by “rural” forests or lakes. Urban 
development as such reflects the transformation of “natural” 
ecosystems or already “man modified“ ecosystems, like 
agricultural lands near expanding cities, to housing and 
infrastructure. Artificial lakes are other examples when one 
(sometimes natural, sometimes degraded) ecosystem is 
transformed into a new and different, still perhaps in some 
sense “nature-like” ecosystem. 
4) We consider that all ecosystems in Finland have been (Ch. 2 
on land use history) and are under some anthropogenic 
influence – including what is called as natural forests and 
peatlands, although in many cases this impact has been and 
is minor. All ecosystems are nowadays under human 
protection and control, many also (like most forests) under 
active sustainable (forest) management. This means that even 
in “nature-like” Finland there hardly are any ecosystem 
goods and services, where there is no human input at all 
involved;, rather all ecosystem goods and services are 
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produced jointly by ecosystems and human inputs, though 
the latter sometimes only thinly. Delineation of ecosystem 
goods and services as only those without human input does 
not fit well into this context. 
5) We include peat harvesting for energy and top/upper sub-
surface biotic/abiotic soil resources as goods, although 
recognizing that energy peat utilization changes essentially 
peatland ecosystems to something else that it used to be. This 
“something else“ is a strongly modified ecosystem (but yet 
an ecosystem) with altered ecosystem services (depending 
also on which kind of use it will be returned after peat 
extraction). Among peatland ecosystems in Finland there are 
a considerable amount of areas which are drained for wood 
production. They are transformed ecosystems, of which some 
are turning to be more like forests and some still look more 
like peatlands, in particular if drainage systems are not 
maintained (Ch. 2.4). In the longer land use history a large 
part of agricultural fields used to be forest and peatland or 
lakes. If abandoned, fields either naturally or by afforestation 
turns back to forests. This is also a part of land use dynamics 
in Finland as is urbanization and infrastructure development 
as described in point 3 above. 
6) We will include explicitly ecosystem disservices (pollinosis, 
borreolis, danger of wild animals) and hazardous goods 
(poisonous mushrooms and berries) into our assessment. 
7) Recognizing that many ecosystem services are joint products 
of several ecosystems we would like to give some attention 
on considerations about joint multi-ecosystem production. 
Many ecosystem services such as landscape or recreational 
opportunities from the consumers’ point of views are 
products of several ecosystems: forests, peatlands, lakes and 
agroecosystems. Large biodiversity conservation areas are 
usually composed of a mosaic of ecosystems. So are also 
larger watershed areas. We also emphasize that in a single 
ecosystem several ecosystem services are produced and the 
emphasis in good or service does not usually cause exclusion 
of all other services. However, interactions and trade-offs are 
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common both within the goods and services of one 
ecosystem and between different ecosystems. The latter 
interactions often get a form of negative externalities, as are 
the impacts of forest drainage or intensively cultivated 
agroecosystems on water quality of fresh water ecosystems. 
8) We do not consider only final ecosystem services, but also 
intermediate services. Furthermore, we emphasize that 
determining final and intermediate services is context 
dependent and especially in economic valuation separating 
these services is highly important in order to avoid double-
counting. 
9) Economic importance of any ecosystem goods and services 
does not only depend on their value “as such” on-site or as a 
part of the final good used. Sometimes the larger importance 
is related to the production and value chain, which are derived 
from certain ecosystem goods and services. This is apparent in 
agricultural production and food industries, in wood using 
industrial chains and in tourism based on the attractions of 
lakes, forests and open fjeld ecosystems. These chains need to 
identified and counted as well, although it as such may not 
change the “original” price tag given in economic accounting. 
10) The sub-arctic zone of the northernmost of Finland, located 
beyond the northern or above alpine timber line consists of 
large areas of bare fjelds, usually surrounded by low birch 
forests with scattered pine trees in lower places. Some open 
peatland areas are found among the mainly mineral soils of 
the fjeld zone. It is very distinct composition of tundra-like 
ecosystems and landscape, with its own typical ecosystem 
services. Sub-arctic ecosystem services will be briefly 
characterised separately from the services of the major four 
ecosystems (forests, peatland, agro- and aquatic 
ecosystems), identification and classification of which is 
going on alongside and after this report. 
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